A Capacitance Wavestaff and Measurements of Wave Height Decay in the Surf Zone by Timpy, David L.
Old Dominion University
ODU Digital Commons
OEAS Theses and Dissertations Ocean, Earth & Atmospheric Sciences
Spring 1982
A Capacitance Wavestaff and Measurements of
Wave Height Decay in the Surf Zone
David L. Timpy
Old Dominion University
Follow this and additional works at: https://digitalcommons.odu.edu/oeas_etds
Part of the Oceanography Commons
This Thesis is brought to you for free and open access by the Ocean, Earth & Atmospheric Sciences at ODU Digital Commons. It has been accepted for
inclusion in OEAS Theses and Dissertations by an authorized administrator of ODU Digital Commons. For more information, please contact
digitalcommons@odu.edu.
Recommended Citation
Timpy, David L.. "A Capacitance Wavestaff and Measurements of Wave Height Decay in the Surf Zone" (1982). Master of Science
(MS), thesis, Ocean/Earth/Atmos Sciences, Old Dominion University, DOI: 10.25777/10z4-m471
https://digitalcommons.odu.edu/oeas_etds/91
A CAPACITANCE WAVESTAFF AND 
MEASUREMENTS OF WAVE HEIGHT DECAY IN THE SURF ZONE
D avid L. Timpy 
B .S .  May 1976, R u tg e r s  U n i v e r s i t y
A T h e s i s  S u b m it te d  t o  t h e  F a c u l ty  o f  
Old Dominion U n i v e r s i t y  i n  P a r t i a l  F u l f i l l m e n t  o f  t h e  
R eq u irem en ts  f o r  t h e  Degree o f
MASTER OF SCIENCE 
OCEANOGRAPHY
OLD DOMINION UNIVERSITY 
May, 1982
Approved b y :  
Ludwick ( D i r e c t o r )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
© 1982
DAVID LEE TIMPY 
All Rights Reserved
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ABSTRACT
A CAPACITANCE WAVESTAFF AND 
MEASUREMENTS OF WAVE HEIGHT DECAY IN THE SURF ZONE
D avid L. Timpy 
Old D om inion U n i v e r s i t y ,  1982 
D i r e c t o r :  D r. John  C. Ludwick
A w a v e s t a f f  sy s te m  u t i l i z i n g  c a p a c i t a n c e  was d e ­
v e lo p e d  t o  m easu re  wave h e i g h t s  i n  t h e  s u r f  z o n e .  D a ta  
w ere u se d  t o  t e s t  t h e  a s su m p t io n  t h a t  wave h e ig h t  d e c a y s  
l i n e a r l y  a c r o s s  t h e  s u r f  z o n e . The in s t r u m e n t  sy s tem  con­
s i s t e d  o f  two w a v e s t a f f s  and h o u s in g  w h ich  c o n ta in e d  t h e  
needed  e l e c t r o n i c  c i r c u i t s  and a d a t a  r e c o r d e r .  A c c e p ta b le  
f r e q u e n c y  r e s p o n s e  f o r  waves o f  p e r io d  g r e a t e r  t h a n  two 
se co n d s  c o u ld  n o t  be o b ta in e d  i f  s e n s o r  w i r e s  w ere g r e a t e r  
t h a n  0 .3 5  mm i n  d i a m e t e r .  The s i z e  u se d  was 0 .3 5  mm.
S im u l ta n e o u s  wave h e ig h t  m easu rem en ts  a t  p o i n t s  
d i s t r i b u t e d  a c r o s s  t h e  s u r f  zone w ere o b ta in e d  d u r i n g  f o u r  
f i e l d  e x p e r im e n ts  a t  V i r g i n i a  B each , V i r g i n i a .  W a v e s ta f f s  
were r e p o s i t i o n e d  a lo n g  a l i n e  p e r p e n d i c u l a r  t o  t h e  s h o r e ­
l i n e .  Wave h e ig h t  d ecay  a c r o s s  t h e  s u r f  zone was found  t o  
be n o n l i n e a r  and a p p e a r s  t o  be c a t e g o r i z a b l e  i n t o  t h r e e  
d i v i s i o n s :  (1 )  r a p i d  d e c a y  due t o  t u r b u l e n c e  in d u c e d  by
t h e  b r e a k in g  p r o c e s s :  (2 )  n e a r l y  c o n s t a n t  decay  due t o  a 
b a la n c e  be tw een  t u r b u l e n c e  and wave s h o a l in g  a f f e c t s ;  (3 )  
r a p i d  d e ca y  ( o f  r e m a in in g  wave e n e rg y )  a s  a wave p r o p a g a t e s  
up t h e  beach  s lo p e  a g a i n s t  t h e  f o r c e  o f  g r a v i t y .  E n ergy  i s
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d i s s i p a t e d  l e s s  r a p i d l y  by s p i l l i n g  b r e a k e r s  t h a n  p lu n g in g  
b r e a k e r s .  S p i l l i n g  b r e a k e r s  r e s u l t  i n  g r e a t e r  ru n u p  a t  
t h e  s h o r e l i n e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ACKNOWLEDGEMENT S
I  am e s p e c i a l l y  g r a t e f u l  t o  t h e  d i r e c t o r  o f  my 
a d v i s o r y  c o m m ittee ,  D r .  John  C. Ludwick. H is  p a t i e n c e  and 
u n d e r s t a n d i n g  w ere c r i t i c a l  t o  t h e  c o m p le t io n  o f  t h i s  p ro ­
j e c t .  The c a p a c i t i v e  w a v e s t a f f  would n o t  have b een  s u c c e s s ­
f u l  w i th o u t  h i s  t im e  and e f f o r t .  W orking w i th  him h a s  been  
a mem orable e x p e r i e n c e .  I t  h a s  molded me i n t o  a b e t t e r  
s c i e n t i s t .
I  w is h  t o  th a n k  th e  o t h e r  members o f  my a d v is o r y  
c o m m itte e ,  D r . G ro sch , D r. O e r t e l  and D r. B l a i r .  Each i n  
h i s  own way added t o  t h e  f i n a l  form o f  t h i s  w ork.
The c a p a c i t i v e  w a v e s t a f f  c o u ld  n o t  have been b u i l t  
w i th o u t  t h e  Schoo l o f  S c ie n c e s  Shop. I  owe a l o t  o f  th a n k s  
t o  Thurman G ardner  f o r  a l l  h i s  a d v ic e  and a l lo w in g  me f r e e  
u se  o f  h i s  sh o p . He a l s o  d id  an e x c e l l e n t  job  on th e  
m a c h in in g  and w e ld in g  o f  t h e  in s t r u m e n t  h o u s in g .  I  th an k  
God f o r  c r e a t i n g  Bobby P ow ell  and h i s  t a l e n t  f o r  e l e c t r o n i c s .  
Bobby t a u g h t  me e l e c t r o n i c s  and h e lp e d  me b u i ld  t h e  w a v e s ta f f  
c i r c u i t s .  The work o f  Ray S te w a r t  on th e  hand c ra n k  and 
c l a c k e r  i s  a p p r e c i a t e d .  I  would a l s o  l i k e  t o  th a n k  th e  r e s t  
o f  t h e  shop p e r s o n n e l  and f r i e n d s  f o r  t h e i r  a d v ic e  and a s s i s ­
t a n c e .  T hese  i n c l u d e  John  H i l l ,  C h a r l i e  Dunham, Ed C arpen­
t e r ,  Mike O 'B r ie n ,  Ken P o r t e r  and Greg R o b e r ts o n .
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
I  am t h a n k f u l  t o  Joh n  K e a t in g  f o r  a l lo w in g  me use 
o f  h i s  l a b  where I  m a in ta in e d  and s t o r e d  th e  w a v e s ta f f .
John  and h i s  w i f e ,  Lyn, a l s o  h e lp e d  k eep  up my m o ra le  d u r in g  
t h e  gloomy p e r i o d s  o f  t h i s  p r o j e c t .
I  am a p p r e c i a t i v e  f o r  t h e  v o l u n t e e r  h e lp  from f e l ­
low g ra d u a te  s t u d e n t s  and f r i e n d s  i n  c o l l e c t i n g  th e  f i e l d  
d a t a .  S p e c ia l  th a n k s  g o e s  t o  Mike Jugan  f o r  h i s  h e lp  w i th  
t h e  c a l i b r a t i o n  o f  t h e  w a v e s t a f f s  and h i s  t r a n s i t  work d u r ­
i n g  th e  f i e l d  e x p e r im e n t s .  Jim  P e r r y ,  Dave D r i v e r ,  Tony 
M auser, Paxil Bowen, John  K o s te r ,  Kim Z a u d e re r ,  Dave V e l in s k y  
Joe  P i t z g e r a l d ,  and Ray Sawyer h e lp e d  me d e p lo y  th e  wave­
s t a f f s  i n  t h e  s u r f  z o n e .  Greg K o p a n sk i , Joe Lewandowski, 
Malcolm Kay, A1 M oore, D enn is  L undberg , I a n  A nderson , and 
Mike M a ty le v ic h  a s s i s t e d  w i t h  th e  work on th e  b e a c h .  Tom 
D u t to n ,  Andre R ivam onte , Mike W eston , and H arry  W innik a l s o  
a s s i s t e d  i n  v a r i o u s  ways.
A l a r g e  m easu re  o f  th a n k s  must go t o  my f r i e n d s  and 
b r o t h e r s  f o r  t h e i r  h e lp  i n  c o l l e c t i n g  f i e l d  d a t a  d u r in g  a 
b i t t e r  c o ld  day i n  New J e r s e y .  The a i r  and w a te r  te m p e ra ­
t u r e s  d u r in g  th e  f i e l d  e x p e r im e n t  were 10°P and 33°E, r e s p e c  
t i v e l y .  E rn ie  Timpy, my y o u n g e r  b r o t h e r ,  a l lo w e d  me t o  con 
him i n t o  h e lp i n g  me i n  th e  s u r f  z o n e . K evin Timpy, my o l d e r  
b r o t h e r ,  a l lo w e d  my c o f f e e  t o  f r e e z e .  Jim C o u s in s  and P h i l  
H e in le  h e lp e d  ou t on t h e  b e a c h .  P e t e r  Dedham was o u t s t a n d ­
i n g  w i th  h i s  t r a n s i t  w ork . I  a l s o  would l i k e  t o  th a n k  my
iv
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
m o th er  and f a t h e r  f o r  a l lo w in g  t h e  f i r s t  d r a f t  o f  my t h e s i s  
t o  he ty p e d  i n  t h e i r  d i n i n g  room.
Much a p p r e c i a t e d  a s s i s t a n c e  w i th  t h e  com puter  s o f t ­
ware was g iv e n  by D ick  P h i l l i p s ,  D r. G erardo  P e r i l l o  and h i s  
w i f e ,  D r. C i n t i a  P i c c o l o ,  and D r. Im Sang Oh. The s t a f f  o f  
t h e  com puter c e n t e r ,  p a r t i c u l a r l y  Tim H e n d r ic k so n ,  w ere a l s o  
o f  g r e a t  a s s i s t a n c e .
The O.D.U. W ea th e r  C e n te r  and m e te o ro lo g y  g r a d u a te  
s t u d e n t s  f o r e c a s t e d  t h e  w e a th e r  c o r r e c t l y  th ro u g h o u t  t h e  
p r o j e c t .  C o lo n e l  Jim Sm ith  a c q u i r e d  t h e  w e a th e r  d a t a  a t  
Cape H enry f o r  t h i s  s tu d y .
D r. D . J .  S h i r l e y ,  U n i v e r s i t y  o f  T e x a s ,  s u p p l i e d  t h e  
b a s i c  sc h e m a tic  f o r  t h e  w a v e s t a f f  e l e c t r o n i c s .
D ick Ribe o f  t h e  N a t io n a l  O cean o g rap h ic  In s t ru m e n t  
C e n te r  (NOIC) s u p p l i e d  v a lu a b le  in f o r m a t io n  on o s c i l l a t o r s  
and w av e-m ea su r in g  i n s t r u m e n t s .
Mr. R.K. K e p la r ,  C i v i l  E n g in e e r in g  T ec h n o lo g y , was 
k in d  i n  h e lp i n g  me c a l i b r a t e  t h e  t r a n s i t .
T h is  p r o j e c t  would n e v e r  have begun w i th o u t  D r.
Ron Jo h n so n . He a d m i t te d  me i n t o  th e  oceano g rap hy  program  
and m i r a c u l o u s l y  found fu n d s  t o  su p p o r t  me w h i le  I  s lo w ly  
com ple ted  my m a s t e r ’ s d e g re e  r e q u i r e m e n t s .
I  am t h a n k f u l  t o  S a rah  McGuire f o r  h e r  h e lp  i n  th e  
d raw in g  o f  t h e  f i g u r e s  i n  t h i s  r e p o r t .
Equipm ent s u p p o r t  was p ro v id e d  by th e  D ep artm en t 
o f  O ceanography , Old Dominion U n i v e r s i t y .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Above a l l ,  I  am In d e b te d  t o  my w i f e ,  C a th y .  She 
h e lp e d  me w i t h  e v e r y  a s p e c t  o f  t h i s  s tu d y .  T h is  i n c l u d e s  
w o rk in g  t o  pay  t h e  b i l l s ,  d o in g  t h e  h o u se h o ld  c h o r e s ,  and 
t a k i n g  c a r e  o f  o u r  i n f a n t  d a u g h te r ,  S a ra h .  Her h e lp  w i th  my 
p r o j e c t  was i n v a l u a b l e .  She a s s i s t e d  w i th  t h e  w a v e s t a f f  
c a l i b r a t i o n  e x p e r im e n t s  a s  w e l l  a s  t h e  f i e l d  e x p e r im e n ts .
I n  a d d i t i o n ,  she p r o o f r e a d  and ty p e d  t h i s  r e p o r t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CONTENTS
Page
LIST OP TABLES..................................................................................................v i i i
LIST OP F I G U R E S .................................................................................................. i x
C h a p te r
I .  INTRODUCTION................................................................................... 1
I I .  METHODOLOGY..................................................................................  6
CAPACITANCE WAVESTAFF SYSTEM.................................. 6
CALIBRATION PROCEDURES AND RESULTS ...................  29
EXPERIMENTAL S I T E ............................................................... 35
FIELD PROCEDURES.................................................................... 40
I I I .  DATA A N A L Y S IS ................................................................................... 45
WAVE DATA PREPARATION......................................................45
CALCULATIONS AND P L O T T IN G ............................................ 47
IV . INTERPRETATION OF R E S U L T S ....................................................... 61
V. SUMMARY AND CONCLUSIONS............................................................ 66
REFERENCES................................................................................................................69
APPENDIXES
I .  COST BREAKDOWN FOR CAPACITANCE WAVESTAFF . . . .  73
I I .  REALISTIC CASSETTE DECK SPECIFICATIONS ..................... 75
I I I .  COMPUTER PROGRAMS.......................................................................... 76
v i i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF TABLES
TABLE PAGE
1. Types and C h a r a c t e r i s t i c s  o f
W ave-M easuring I n s t r u m e n t s  ................................................  7
2. Summary o f  th e  V a r io u s  C a p a c i ta n c e
W a v e s ta f f  D e s ig n s  ................................................................... 12
3. T e s te d  S e n so r  W ire s  ...............................................................  26
4 . P h y s i c a l  C o n d i t io n s  D urin g
F i e l d  E x p e r i m e n t s ........................................................................ 40
5. Com parison  o f  B re a k e r  Type 
C l a s s i f i c a t i o n  U sing  L a b o r a to r y  
C r i t e r i o n  t o  t h e  O bserved
B re a k e r  T y p e .......................................................................................53
v i i i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OP FIGURES
FIGURE PAGE
1. F i e l d  E xperim en t S i t e  ...........................................................  4
2 .  C a p a c i ta n c e  W a v e s ta f f  System ........................................  14
3 . C i r c u i t  S ch em a tic  f o r  L in e a r
C a p a c i ta n c e  W a v e s ta f f  .......................................................... 13
4 .  V o l ta g e  V e rsu s  Time f o r  One E v eread y
Model 1209 S ix  V o l t  L a n te rn  B a t t e r y .............................. 18
5 . M o d i f i c a t i o n  o f  C i r c u i t  S chem atic  
f o r  R e a l i s t i c  SCT-12 S te r e o  C a s s e t t e
Deck E n a b l in g  AC o r  DC Power U s e ...................................21
6. I n s t r u m e n t  H o u s i n g ..................................................................... 23
7 . S t a t i c  R esponse  o f  Seaward W a v e s ta f f
f o r  Each F i e l d  E x p e r i m e n t ......................................................31
8 .  S t a t i c  R esponse  o f  Shoreward W a v e s ta f f
f o r  Each F i e l d  E x p e r i m e n t ......................................................32
9. F re q u en c y  R esponse  o f  Seaward W a v e s ta f f
f o r  A m p litu d es  o f  15 and 30 C e n t im e te r s  . . . .  33
10. F re q u en c y  Response  o f  Shorew ard W a v e s ta f f
f o r  A m p litu d es  o f  15 and 30 C e n t im e te r s  . . . .  34
11. Beach P r o f i l e s  and Measurement L o c a t io n s
f o r  F i e ld  E xp erim en t No. 1  36
12. Beach P r o f i l e s  and M easurement L o c a t io n s
f o r  F i e ld  E xp erim en t No. 2 .................................................37
13. Beach P r o f i l e s  and M easurement L o c a t io n s
f o r  F i e ld  E xperim en t No. 3 .................................................38
14. Beach P r o f i l e s  and M easurement L o c a t io n s
f o r  F i e ld  E x perim en t No. 4 ................................................. 39
15. Sequence o f  F i e l d  P ro c e d u re s  f o r  Each
F i e l d  E x p e r i m e n t .........................................................................41
i x
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OP FIGURES (c o n t in u e d )
FIGURE PAGE
16. S e n so r  W ire S u p p o r t  Frame and 
E x te n s io n  f o r  M anual Deployment
i n  t h e  S u r f  Z o n e ...........................................................................42
17. Sample Computer P l o t  o f  a Wave R e c o r d ...........................49
18. C om parison o f  O bserved  Wave H e ig h ts  
W ith  C a lc u l a t e d  Wave H e ig h ts  V e rsu s  
R e l a t i v e  S u r f  Zone P o s i t i o n  f o r
F i e l d  E x p erim en t No. 1 56
19- C om parison o f  O bserved  Wave H e ig h ts  
W ith  C a lc u l a t e d  Wave H e ig h ts  V e rsu s  
R e l a t i v e  S u r f  Zone P o s i t i o n  f o r
F i e l d  E x p er im en t  No. 2 .................................................. 57
20 . C om parison  o f  O bserved  Wave H e ig h ts  
W ith  C a lc u l a t e d  Wave H e ig h ts  V e rsu s  
R e l a t i v e  S u r f  Zone P o s i t i o n  f o r
F i e l d  E x p erim en t No. 3 ..................................................58
21 . Com parison  o f  O bserved  Wave H e ig h ts  
W ith  C a lc u l a t e d  Wave H e ig h ts  V e rsu s  
R e l a t i v e  S u r f  Zone P o s i t i o n  f o r
F i e l d  E x p erim en t No. 4 ..................................................59
x
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I .  INTRODUCTION
Waves on "beaches a r e  a  s o u rc e  o f  e n e rg y  w h ich  
d r i v e s  t h e  n e a r s h o r e  c i r c u l a t i o n  and t h e  r e s u l t i n g  se d im e n t  
t r a n s p o r t  a lo n g  t h e  s h o re  and i n  t h e  c r o s s - s h o r e  d i r e c t i o n .  
I n c i d e n t  w aves b r e a k in g  i n  s h a l lo w  w a te r  d i s s i p a t e  m ost o f  
t h e i r  e n e rg y  a s  b ro k e n  waves o r  s u r f  b o r e s  w h ich  p r o p a g a te  
a c r o s s  t h e  s u r f  z o n e .
P r e v i o u s l y ,  wave h e ig h t  d e c a y  a c r o s s  t h e  s u r f  zone 
h a s  b e en  assum ed t o  depend  on l o c a l  w a te r  d e p th .  The p r i ­
m ary o b j e c t i v e  o f  t h e  p r e s e n t  s tu d y  was t o  t e s t  t h e  v a l i d i ­
t y  o f  t h i s  a s s u m p t io n .  S t a t e d  a n o th e r  way, t h e  o b j e c t i v e  
was t o  d e te rm in e  w h e th e r  t h e  wave h e ig h t  d ecay  i n  t h e  s u r f  
zone can  be d e s c r i b e d  w i t h  a l i n e a r  o r  n o n l i n e a r  f u n c t i o n .
A se c o n d a ry  o b j e c t i v e  w h ich  e v o lv e d  d u r i n g  t h e  e a r l y  p a r t  
o f  t h e  s tu d y  was t h e  deve lopm en t o f  a  c a p a c i ta n c e  w a v e s t a f f  
sy s tem  t h a t  c o u ld  m easu re  wave h e ig h t  a c c u r a t e l y  and be 
d e p lo y a b le  i n  t h e  s u r f  z o n e .  The r e s u l t i n g  sys tem  c o n s i s t ­
ed o f  two c a p a c i t a n c e  w a v e s t a f f s  and an  in s t r u m e n t  h o u s in g  
w h ic h  c o n ta in e d  a l l  t h e  e l e c t r o n i c s  and d a t a  r e c o r d e r .
The number o f  s t u d i e s  i n  t h e  l i t e r a t u r e  on wave 
h e ig h t  d e c a y  i n  t h e  s u r f  zone i s  s m a l l .  L a b o ra to r y  s t u d i e s  
f a r  ou tnum ber f i e l d  s t u d i e s .  The o b t a i n i n g  o f  f i e l d  m eas­
u re m e n ts  o f  wave h e ig h t  i n  t h e  s u r f  zone i s  a  d i f f i c u l t  and 
a t  t im e s  an  im p o s s ib le  t a s k .
1
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2W orking on t h e  c o a s t  o f  Lake M ich ig an , Wood (1970) 
o b t a i n e d  wave h e ig h t  m easu rem en ts  and h o r i z o n t a l  p a r t i c l e  
v e l o c i t i e s  b e n e a th  b r e a k in g  w aves . H is  d a ta  show a d e ­
c r e a s e  i n  wave c e l e r i t y  sho rew ard  o f  t h e  b r e a k e r  p o i n t , 
p r o b a b ly  due t o  t h e  b r e a k in g  p r o c e s s .  I n  a l a t e r  s tu d y ,  
Wood (1972) m easu red  waves i n  t h e  s u r f  zone w i th  c a p a c i ­
t a n c e  w a v e s t a f f s  and co n c lu d ed  t h a t  wave h e ig h t  decay  
a c r o s s  t h e  s u r f  zone was n o n l i n e a r .  The p ro b e s  u sed  on th e  
w a v e s t a f f s  d u r i n g  t h e  f i e l d  e x p e r im e n ts  had d i a m e te r s  o f  
1 cm.
Suhayda and P e t t i g r e w  (1977) m easured  t h e  av e rag e  
wave h e ig h t  and c e l e r i t y  o f  t e n  i n d i v i d u a l  waves d u r in g  
movement a c r o s s  t h e  s u r f  zone by p h o to g ra p h in g  c l o s e l y  
spaced  g r a d u a te d  p o l e s .  B re a k e r s  were v i s u a l l y  o b se rv ed  
t o  be p lu n g in g .  I t  was shown t h a t  wave h e ig h t  d ecay s  
r a p i d l y  a f t e r  b r e a k i n g ,  fo l lo w e d  by a s lo w e r  d e c r e a s e  w i th  
f u r t h e r  p r o g r e s s  to w a rd  th e  s h o r e l i n e .  They a l s o  conc lud e  
t h a t  wave h e i g h t  d e ca y  a c r o s s  t h e  s u r f  zone was n o n l i n e a r .  
Wave c e l e r i t y  v a lu e s  f o r  t h e  same d a t a  show a r a p i d  d e ­
c r e a s e  a f t e r  b r e a k in g  w i th  v a lu e s  s lo w ly  d e c r e a s in g  a s  th e  
s h o r e l i n e  i s  a p p ro a c h e d .
Guza and T h o rn to n  ( i n  p r e s s )  s t a t e  t h a t  wave meas­
u re m e n ts  c o l l e c t e d  a t  T o r re y  P in e s  i n d i c a t e  t h a t  wave 
h e ig h t  d e c a y  a c r o s s  t h e  s u r f  zone i s  l i n e a r .  I n  t h i s  
s tu d y ,  f i e l d  m easu rem en ts  o f  wave h e ig h t  were o b ta in e d  w i th  
c u r r e n t  m e t e r s ,  p r e s s u r e  s e n s o r s ,  and d u a l  r e s i s t a n c e
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3w a v e s t a f f s .  The s e n s o r  w i r e  d ia m e te r  o f  t h e  w a v e s ta f f s  
u se d  d u r i n g  th e  s tu d y  was 0 .6  mm. L.D. W righ t ( p e r s o n a l  
com m unica tion )  h a s  a l s o  o b ta in e d  s i m i l a r  r e s u l t s  t o  th o s e  
o f  Guza and T h o rn to n  ( i n  p r e s s )  from p r e s s u r e  s e n s o r  m eas­
u re m e n ts  o f  waves o f f  t h e  c o a s t  o f  A u s t r a l i a .
Most l a b o r a t o r y  s t u d i e s  o f  wave t r a n s f o r m a t i o n  
a c r o s s  t h e  s u r f  zone i n d i c a t e  t h a t  b o re  h e ig h t  deca}/ i s  
n o n l i n e a r  and t h a t  wave h e i g h t s  i n  t h e  s u r f  zone canno t 
be assumed t o  be a c o n s t a n t  f r a c t i o n  o f  t h e  l o c a l  w a te r  
d e p th .  S t u d i e s  o f  t h i s  k in d  i n c l u d e  th o s e  by Horikawa and 
Kuo (1 9 6 6 ) ,  Saw aragi and Iw a ta  (1 9 7 4 ) ,  Goda (1975) and 
W alker (1 9 7 4 ) .  T h is  f i n d i n g  i s  i n  d i r e c t  c o n t r a s t  w i th  
l a b o r a t o r y  m easu rem en ts  o b ta in e d  by Bowen e t  a l .  (1 9 6 8 ) ,  
who i n d i c a t e d  t h a t  wave h e i g h t s  i n  t h e  s u r f  zone can  be 
assum ed t o  be a l i n e a r  f u n c t i o n  o f  t h e  l o c a l  w a te r  d e p th .
I n  t h e  p r e s e n t  s tu d y ,  wave h e ig h t  m easurem ents  a t  
p o i n t s  d i s t r i b u t e d  a c r o s s  t h e  s u r f  zone were o b ta in e d  
d u r i n g  f o u r  f i e l d  e x p e r im e n ts  a t  one s i t e  l o c a t e d  i n  V i r ­
g i n i a  B each , V i r g i n i a  ( f i g u r e  1 ) .  Each f i e l d  e x p e r im e n t  was 
com prised  o f  f i v e  t o  se v en  d a t a  s e t s ,  w i th  t h e  sam p ling  
tim e  o f  e ac h  d a t a  s e t  ab ou t t e n  m in u te s .  I n  each  d a t a  s e t ,  
two c a p a c i t a n c e  w a v e s t a f f s  w ere p o s i t i o n e d  i n  t h e  s u r f  zone 
a lo n g  a l i n e  p e r p e n d i c u l a r  t o  t h e  b e a c h .  Wave m easu rem en ts  
from t h e  w a v e s t a f f s  were r e c o r d e d  s im u l t a n e o u s ly  on mag­
n e t i c  c a s s e t t e  t a p e .  A f t e r  eac h  d a t a  s e t  was t a k e n ,  t h e  
w a v e s t a f f s  were r e p o s i t i o n e d  t o  new l o c a t i o n s  on t h e  same
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5l i n e  w i t h i n  t h e  s u r f  z o n e .  M easurem ents  o f  b r e a k e r  p o s i ­
t i o n ,  w a t e r  d e p th  and sw ash w ere  t a k e n  d u r in g  t h e  a c q u i s i ­
t i o n  o f  e a c h  d a t a  s e t .  Subaqueous b e a c h  p r o f i l e s  a t  t h e  
s tu d y  s i t e  w ere  o b t a i n e d  b e f o r e  e a c h  f i e l d  e x p e r im e n t .  
G e n e r a l l y ,  r e s u l t s  o b t a in e d  from  t h e  p r e s e n t  s tu d y  i n d i ­
c a t e  t h a t  wave h e i g h t  d e c a y  a c r o s s  t h e  s u r f  zone i s  non­
l i n e a r ,  b u t  can  be a p p r o x im a te ly  l i n e a r  u n d e r  c e r t a i n  
c i  rcu m s t  a n ce  s .
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I I . METHODOLOGY
C a p a c i ta n c e  W a v e s ta f f  System
Many d i f f e r e n t  d e v ic e s  have been  u sed  t o  m easure  
t h e  e l e v a t i o n  o f  s u r f a c e  w a te r  waves a s  a  f u n c t i o n  o f  t im e .  
These  v a ry  from t h e  m ost e c o n o m ic a l ,  u s i n g  t h e  human e y e ,  
t o  t h e  e x t r e m e ly  c o s t l y ,  u s in g  l a s e r  beam s. The c h o ic e  o f  
d e v ic e  u s u a l l y  depend s  on t h e  in te n d e d  u se  and a v a i l a b l e  
r e s o u r c e s .
Adequate d e s c r i p t i o n s  o f  t h e  d i f f e r e n t  w ave-m eas­
u r i n g  i n s t r u m e n t s  have been  g iv e n  by R ibe (1 9 7 4 ) ,  Grace 
(1970) and D ra p e r  (1 9 6 6 ) .  Grace (1970) c l a s s i f i e d  wave 
i n s t r u m e n t s  i n t o  f o u r  g e n e r a l  c a t e g o r i e s .  They a r e :
(1 )  m easure  above th e  w a te r  s u r f a c e ;  (2 )  m easure  below  th e  
w a te r  s u r f a c e  (5 )  m easure  on t h e  w a te r  s u r f a c e ;  ( 4 ) m eas­
u re  th r o u g h  t h e  a i r - s e a  i n t e r f a c e .  G e n e r a l ly ,  a  wave- 
m e a su r in g  in s t r u m e n t  w hich  u s e s  a s e n s o r  e lem en t t h a t  
p a s s e s  th r o u g h  th e  a i r - w a t e r  i n t e r f a c e  i s  te rm ed  a wave­
s t a f f .  The most common t y p e s  o f  w a v e s t a f f s  a re  r e s i s t a n c e
and c a p a c i t a n c e .  Types and c h a r a c t e r i s t i c s  o f  w ave-m eas­
u r i n g  i n s t r u m e n t s  a r e  num erous (T ab le  1 ) .
For t h i s  s t u d y ,  a w av e-m easu r in g  in s t r u m e n t  was
needed  t h a t  was s im p le ,  e a s y  t o  b u i l d ,  e co n o m ic a l ,  a c c u r a t e
and capr..ole o f  b e in g  d ep lo y e d  i n  t h e  s u r f  zone . A p r e s s u r e  
s e n s o r  was n o t  chosen  m a in ly  b e ca u se  i t  was e x p e n s iv e
6
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7T a b le  1 . Types  and C h a r a c t e r i s t i c s  o f  Wave-Measuring 
I n s t r u m e n t s
S e n so r  t y p e P r i n c i p l e  o f  o p e r a t i o n Cost  r a n g e
C a p a c i t a n c e W ater  l e v e l  v a r i a t i o n s  $ 
c au se  a  change i n  c a p a ­
c i t a n c e  w h ic h  p r o d u c e s  
p r o p o r t i o n a l  o u t p u t  
v o l t a g e .
571
R e s i s t a n c e  w i r e W ater  l e v e l  v a r i a t i o n s  
change s e n s o r  r e s i s t a n c e  
w h ic h  p r o d u c e s  a  p r o p o r ­
t i o n a l  o u tp u t  v o l t a g e .
1 ,1 5 0 - 5 , 0 0 0 2 
1 , 4 0 0 - 2 , 2 0 0 3
Step  r e s i s t a n c e Same a s  above e x c e p t  th e  
s e n s o r  i s  c o n s t r u c t e d  o f  
e q u a l  r e s i s t o r s  p l a c e d  i n  
s e r i e s  a lo n g  t h e  s t a f f .
2 0 , 0002
Reed s w i t c h A m a g n e t i c  f l o a t  s w i t c h e s  
on and o f f .  A s e r i e s  o f  
r e e d  s w i t c h e s  a l o n g  a 
s t a f f  t o  connec t  r e s i s ­
t a n c e  i n t o  a  c i r c u i t .
D e s c r ib e d  
by Ribe 
(1974)
Rapid  f r e q u e n c y  
t r a n s m i  s s i o n  
l i n e s
A t r a n s d u c e r  e lem en t  
e l e c t r i c a l l y  s e n s e s  
l e n g t h  o f  p a r a l l e l  
w i r e s  above t h e  w a t e r  
and y i e l d s  a  v o l t a g e  
o u tp u t  p r o p o r t i o n a l  t o  
w a t e r  l e v e l  v a r i a t i o n s .
4 , 2 0 0 2
P r e s s u r e Measured changes  i n  
p r e s s u r e  a t  a  f i x e d  
d e p t h  be low t h e  w a t e r  
s u r f a c e  a r e  used  t o  
c a l c u l a t e  a c t u a l  
s u r f a c e  e l e v a t i o n .
3 , 2 0 0 - 1 8 ,80 0 2 
2 ,6 0 0 -  4 , 0 0 0 3
i
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8T a b le  1 ( c o n t i n u e d )  
S e n s o r  t y p e
Upward d i r e c t e d  
s o n a r
Downward d i r e c t e d  
s o n a r
Buoys
l a s e r s
Sh ip b o rn e
r e c o r d e r
Wave o r b i t a l  
v e l o c i t y
P r i n c i p l e  o f  o p e r a t i o n
Time b e tw e e n  sound 
p u l s e s  d i r e c t e d  
t o w a rd  and r e f l e c t e d  
back  from t h e  w a t e r  
s u r f a c e  a r e  u se d  t o  
c a l c u l a t e  t h e  s u r f a c e  
w a t e r  e l e v a t i o n .
S u r f a c e  e l e v a t i o n  d e ­
t e r m i n e d  by m e a s u r in g  
t r a n s m i t t e d  t im e  i n ­
t e r v a l  o f  sound from 
t r a n s d u c e r  down t o  
w a t e r  s u r f a c e .
V e r t i c a l  buoy d i s ­
p la c e m e n t  m easu red  
w i t h  some t y p e  o f  
d e v i c e  su c h  a s  a c ­
c e l e r o m e t e r s ,  p r e s ­
s u r e  t r a n s d u c e r s ,  
w a v e s t a f f s  and g r a d ­
u a t e d  r o d s .
T r a v e l  t im e  i n t e r v a l  
o f  low power l a s e r  
beam down t o  w a t e r  
s u r f a c e  d e t e r m i n e s  
s u r f a c e  e l e v a t i o n .
Combines a c c e l e r o ­
m e t e r s  and s u b s u r ­
f a c e  p r e s s u r e  s e n ­
s o r s  t o  c a n c e l  out  
s h i p  m o t io n  y i e l d i n g  
s u r f a c e  wave meas­
u rem ent  s .
Measured w a v e - in d u c e d  
v e l o c i t i e s  a r e  u se d  
t o  c a l c u l a t e  s u r f a c e  
e l e v a t i o n  u s i n g  A i ry  
wave t h e o r y .
Cost  r a n g e
$ 1 0 , 0 0 0 - 3 7 , 7502 
7 , 5 0 0 - 1 9 , 0003
2p r o t o t y p e
5 ,000-1 0 0 ,0002
3 0 , 0 0 0 - 8 0 , 0 0 0 2
See T u c k e r  
(195 6 ) and 
v an  Aken, H.M. 
and E. Bouws 
(1974)
1 ,8 0 0 2
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9and would n o t  p r o v i d e  d i r e c t  m easu rem en ts  o f  s u r f a c e  e l e ­
v a t i o n .  A r e s i s t a n c e  w a v e s t a f f  was n o t  ch o sen  b e c a u s e  o f  
m a jo r  p ro b lem s  o f  s t a b i l i t y  and a c c u r a c y  a s s o c i a t e d  w i t h  
chang es  i n  w a t e r  c o n d u c t i v i t y  due t o  w a t e r  t e m p e r a t u r e  and 
s a l i n i t y  v a r i a t i o n s .  The a c c u r a c y  o f  t h e  r e s i s t a n c e  s t a f f  
i s  a l s o  a f f e c t e d  by c o r r o s i o n  o f  t h e  s e n s i n g  p ro b e  d u r i n g  
o p e r a t i o n .  R e s i s t a n c e  w a v e s t a f f s  a r e  g e n e r a l l y  n o t  a s  
p o p u l a r  a s  p r e s s u r e  s e n s i n g  d e v i c e s ,  and t h e  l i t e r a t u r e  on 
r e s i s t a n c e  w a v e s t a f f s  i s  n o t  a s  a b u n d a n t .  The r e a d e r  i s  
a g a i n  r e f e r r e d  t o  Ribe (1974)  and Grace (1970)  f o r  g e n e r a l  
i n f o r m a t i o n .  F u r t h e r  i n f o r m a t i o n  on r e s i s t a n c e  s t a f f s  c an  
be found i n  W iegel  ( 1 9 6 6 ) ,  Bigelow (1968)  and F l i c k  e t  a l .  
( 1 9 7 9 ) .
A l l  o f  t h e  w a v e -m ea su r in g  i n s t r u m e n t s  l i s t e d  i n  
T a b le  1, w i t h  t h e  e x c e p t i o n  o f  c a p a c i t a n c e  w a v e s t a f f s ,  
a r e  c o m m e r c i a l ly  a v a i l a b l e ,  and p r o b a b l y  a t  h i g h e r  c o s t s  
t h a n  l i s t e d  i n  t h e  t a b l e .  C a u t io n  s h o u ld  be e x e r c i s e d  
i n  p u r c h a s i n g  one o f  t h e s e  d e v i c e s .  An e v a l u a t i o n  o f  
c o m m e r c i a l ly  a v a i l a b l e  w a v e -m ea su r in g  i n s t r u m e n t s  h a s  b e en  
co m p le ted  by Ribe ( 1 9 7 8 ) .  I n  a d d i t i o n ,  A l th o u se  (1968) 
r e p o r t s  s o u r c e s  and c o s t s  o f  w ave -m ea su r in g  i n s t r u m e n t s .
I t  s h o u ld  a l s o  be m en t io n ed  t h a t  t h e  N a t i o n a l  O c ea n o g rap h ic  
I n s t r u m e n t a t i o n  C e n te r  (NOIC), W ash in g to n ,  D.C. h a s  pub­
l i s h e d ,  up t o  1 9 7 6 , i n s t r u m e n t  p e r fo rm a n c e  d a t a  on most 
t y p e s  o f  o cean  i n s t r u m e n t s .  T h i s  i n f o r m a t i o n  e x i s t s  i n  
t h e  form o f  I n s t r u m e n t  F a c t  S h e e t s ,  T e c h n i c a l  B u l l e t i n s
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and T e c h n i c a l  Memo r a n d  vim s . S ince  1976, r e s u l t s  o f  N0AA- 
c o n d u c te d  t e s t s  have  b e e n  p u b l i s h e d  i n  t h e  form o f  NOAA 
T e c h n i c a l  Memorandums. They a r e  a v a i l a b l e  f o r  s a l e  from 
S u p e r i n t e n d e n t  o f  Documents ,  Government P r i n t i n g  O f f i c e  
and t h r o u g h  t h e  N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e  
(NTIS) ,  S p r i n g f i e l d ,  V i r g i n i a ,  22161.
The t y p e  o f  w ave -m ea su r in g  i n s t r u m e n t  f i n a l l y  
s e l e c t e d  f o r  t h i s  s t u d y  was a c a p a c i t a n c e  w a v e s t a f f .  T h i s  
t y p e  i s  s i m p l e ,  e c o n o m ic a l ,  e a s y  t o  b u i l d ,  and e x t r e m e l y  
a c c u r a t e  when f i t t e d  w i t h  t h e  p r o p e r  s e n s o r  w i r e .  The 
c o s t  breakdown f o r  t h e  developm ent  and c o n s t r u c t i o n  o f  
t h e  w a v e s t a f f  sys tem  i s  g i v e n  i n  Appendix I .
C a p a c i t a n c e  w a v e s t a f f s  c o n s i s t  o f  t h r e e  e s s e n t i a l  
c om ponen ts :  a s e n s i n g  e l e m e n t ,  d e t e c t o r  c i r c u i t ,  and a
d a t a  s t o r a g e  d e v i c e .  The s e n s i n g  e lem en t  i s  u s u a l l y  an  
i n s u l a t e d  w i r e  w h ich  i s  p a s s e d  v e r t i c a l l y  t h r o u g h  t h e  a i r -  
s e a  i n t e r f a c e .  The i n s u l a t o r  i s  t h e  d i e l e c t r i c  o f  a 
v a r i a b l e  c a p a c i t o r  w i t h  t h e  c e n t e r  c o n d u c to r  and t h e  s e a ­
w a t e r  a c t i n g  a s  t h e  p l a t e s  o f  t h e  c a p a c i t o r .  V a r i a t i o n s  
i n  t h e  e l e v a t i o n  o f  t h e  w a t e r  s u r f a c e  a r e  d e t e c t e d  as  
c h ang es  i n  c a p a c i t a n c e  by a d e t e c t o r  c i r c u i t .  T h i s  same 
c i r c u i t  t r a n s f o r m s  t h e  v a r y i n g  c a p a c i t a n c e  i n t o  a p r o p o r ­
t i o n a l  v o l t a g e  s i g n a l ,  w h ich  i s  t h e n  t r a n s m i t t e d  t o  t h e  
d a t a  s t o r a g e  d e v i c e .  I t  i s  t o  be n o te d  t h a t  t h e  s e n s i n g  
e le m e n t  o f  t h e  c a p a c i t a n c e  w a v e s t a f f  i s  n o t  s u b j e c t e d  t o  
c o r r o s i o n .
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T here  a r e  mar^ v a r i a t i o n s  o f  c a p a c i t a n c e  wave- 
m e a s u r in g  c i r c u i t s  ( s e e  T a b le  2 ) .  The c i r c u i t  d e s i g n  
p u b l i s h e d  by A nderson ,  S h i r l e y ,  and W i l k i n s  ( 1 9 7 2 ) was 
c h o sen  f o r  t h i s  s t u d y  b e c a u se  i t  was found t o  be c h e a p e r ,  
s i m p l e r ,  and e a s i e r  t o  a d j u s t  t h a n  a l l  o t h e r  r e p o r t e d  
d e s i g n s .  The d e s i g n  a l s o  i n c o r p o r a t e s  low power i n t e ­
g r a t e d  c i r c u i t s  w h ich  made m o d i f i c a t i o n s  t o  s u i t  t h e  n e e d s  
o f  t h i s  s t u d y  a  r e l a t i v e l y  s im p le  t a s k .
The e l e c t r o n i c s  o f  t h e  w a v e s t a f f  m e a s u r in g  c i r c u i t  
i s  composed o f  f i v e  m a jo r  e l e m e n t s  a s  shown i n  t h e  u p p e r  
p o r t i o n  o f  f i g u r e  2 .  A s c h e m a t i c  i s  shown i n  f i g u r e  3 t o  
f a c i l i t a t e  t h e  f o l l o w i n g  d e s c r i p t i o n :  The s i n e  wave
o s c i l l a t o r  i s  a Wein B r id g e  c i r c u i t  and i s  t h e  h e a r t  o f  t h e  
d e t e c t o r  c i r c u i t .  When p r o p e r l y  b a l a n c e d  t h i s  p a r t  o f  t h e  
c i r c u i t  h a s  c o n s t a n t  v o l t a g e  o u tp u t  u n d e r  v a r i a t i o n s  i n  
l o a d  and h a s  good f r e q u e n c y  s t a b i l i t y .  Ways t o  a c h ie v e  
t h i s  b a l a n c e  a r e  d i s c u s s e d  i n  d e t a i l  by Jung  (1980)  and 
I r v i n e  ( 1 9 8 1 ) .  Only a b r i e f  d i s c u s s i o n  w i l l  be g i v e n  h e r e :  
The f r e q u e n c y  o f  o s c i l l a t o r ,  f Q, can  be a p p r o x i m a t e ly  
a d j u s t e d  u s i n g  t h e  f o l l o w i n g  r e l a t i o n s h i p ,
where i s  r e s i s t a n c e  i n  ohms and i s  c a p a c i t a n c e  i n  
f a r a d s  ( s e e  f i g u r e  3 ) .  I t  i s  r e q u i r e d  t h a t  R-]=R2 and C-]=C2 ’
The Wien n e tw o rk ,  composed o f  anc  ^ Pr o v ^ e s  a
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T a b le  2. Summary o f  t h e  V a r io u s  C a p a c i t a n c e  W a v e s t a f f  
D e s ig n s




C o n s ta n t
Se n so r  
D ia m e te r  
(mm)
T h i s  p a p e r f i e l d 33  mv/cm 0.35
Anderson 
e t  a l .  
(1977)








l a b o r a t o r y — 6 .4 0
Brown e t  
a l .  ( 1 9 6 6 )




( 1 9 6 0 )
f i e l d 8  mv/cm 13 .0 0
K i l l e n
(1955)
l a b o r a t o r y 33 p f /cm 0.35
T u c k e r  & 
Charnock 
(1954)
l a b o r a t o r y 28 ma/cm 0 .6 2
K r iz e k
(1974)
l a b o r a t o r y 0 . 7  mv/cm 1 . 0 0
Li on 
(1964)
l a b o r a t o r y 394 mv/cm 0.025
McGoldrick
(1969)
l a b o r a t o r y 50 mv/cm 6 .4 0
^Wood
(1973)
f i e l d — 6 . 2 0
B l a i r
(1976)
l a b o r a t o r y — 1 6 awg
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T a b le  2 ( c o n t i n u e d )
R e f e r e n c e Use
D es ign ed
For
Gain
C o n s ta n t
S en so r  




f i e l d 2 0  mv/cm 6 .2 0
f i e l d 15 mv/cm 6 . 2 0
(1975)
^ C i t e d  by Anderson e t  a l .  (1977)  
2 Fol low ed  M c G o ld r i c k ’ s d e s i g n
p o s i t i v e  f e e d b a c k  l o o p  w h i l e  and 1  ^ p r o v i d e  a  " r e g u l a t e d "  
n e g a t i v e  l o o p .  The a t t e n u a t i o n  o f  t h e  Wien ne tw o rk  i s  
t h r e e  ( 3 . 0 ) and must  be m a i n t a i n e d  u s i n g  t h e  r e l a t i o n ,
t a i n i n g  t h e  a t t e n u a t i o n  a t  t h i s  l e v e l  w i l l  a u t o m a t i c a l l y  
b a l a n c e  t h e  p o s i t i v e  and n e g a t i v e  fe e d b a c k  so t h a t  t h e  
a m p l i tu d e  o f  o s c i l l a t i o n s  w i l l  be r e g u l a t e d .  I n  t h i s  s t a t e ,  
t h e  s i n e  wave v o l t a g e  o u t p u t  w i l l  be a t  a maximum, a s  w i l l  
t h e  f r e q u e n c y  s t a b i l i t y .  The n o n l i n e a r  r e s i s t a n c e  o f  t h e  
lamp ( 1 2 8 / 4 0 ) i s  u se d  t o  r e g u l a t e  t h e  amount o f  n e g a t i v e  
f e e d b a c k  ( f i g u r e  3 ) .  The lamp r e s p o n d s  t o  t h e  o u tp u t  l e v e l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
( 2 )
where  R^ and R^ a r e  r e s i s t o r s  a s  shown i n  f i g u r e  3. Main-
F i g u r e  2.  C a p a c i t a n c e  W a v e s t a f f  Sys tem . P a r t  I  R e p r e s e n t s  
F i e l d  P o r t i o n  and P a r t  I I  R e p r e s e n t s  t h e  L a b o r a to r y  P o r t i o n
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F ig u r e  3.  C i r c u i t  S ch em a t ic  f o r  l i n e a r  C a p a c i t a n c e  W a v e s t a f f
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o f  t h e  o s c i l l a t o r ,  a d j u s t i n g  i t s  r e s i s t a n c e  i n  i n v e r s e  
p r o p o r t i o n .  I f  t h e  o u t p u t  l e v e l  o f  t h e  a m p l i f i e r  r i s e s ,  
t h e  r e s i s t a n c e  o f  t h e  lamp i n c r e a s e s ,  c o u n t e r a c t i n g  t h e  
r i s e .  S i m i l a r l y ,  a  r e d u c t i o n  i n  o u t p u t  l e v e l  r e s u l t s  i n  a  
d e c r e a s e  o f  lamp r e s i s t a n c e ,  t h u s  s t a b i l i z i n g  t h e  o s c i l l a ­
t i o n  l e v e l .
The c o n s t a n t  v o l t a g e  o f  t h e  s i n e  wave o s c i l l a t o r
i s  a p p l i e d  t o  t h e  m e a s u r i n g  c i r c u i t  o f  t h e  w a v e s t a f f ,  w h ich
c o n s i s t s  o f  two c a p a c i t o r s  i n  s e r i e s .  One i s  a  d i s c r e t e
component  i n  t h e  c i r c u i t ,  t h e  o t h e r  i s  formed by t h e  s e n s o r
w i r e .  These  c a p a c i t o r s  a r e  l a b e l e d  Cg and r e s p e c t i v e l y
i n  f i g u r e  3 .  I f  C i s  made much l a r g e r  t h a n  C , t h e n  t h es  p
v o l t a g e  a c r o s s  Cg i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c a p a c i ­
t a n c e  o f  C w h ich  v a r i e s  w i t h  t h e  s u r f a c e  e l e v a t i o n  o f  t h e  
P
w a t e r  s u r f a c e .
The v o l t a g e  a c r o s s  C w i l l  be an a m p l i tu d e  m o d u la teds
s i n e  wave.  T h i s  s i g n a l  i s  a m p l i f i e d  40 db by a  d i f f e r e n t i a l  
o p e r a t i o n a l  a m p l i f i e r .  T h i s  i s  f o l l o w e d  by a  p r e c i s i o n  
h a l f  wave r e c t i f i e r  t o  d e t e c t  t h e  a m p l i tu d e  m o d u la ted  s i g ­
n a l .  T h i s  r e c t i f i e r  c o n s i s t s  o f  an  o p e r a t i o n a l  a m p l i f i e r  
w i t h  d i o d e s  i n  t h e  f e e d b a c k  c i r c u i t  su c h  t h a t  on n e g a t i v e  
e x c u r s i o n s  o f  t h e  s i n e  wave,  t h e  g a in  i s  much l e s s  t h a n  
o ne .  T h i s  c i r c u i t  h a s  much l e s s  n o n l i n e a r i t y  t h a n  a s im p le  
d io d e  r e c t i f i e r  and so r e d u c e s  e r r o r s  a t  low w a t e r  l e v e l s .  
The r e c t i f i e r  i s  f o l lo w e d  by a 40 Hz low p a s s  f i l t e r  t o  
e l i m i n a t e  t h e  c a r r i e r  f r e q u e n c y .
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The o u t p u t  a t  t h i s  p o i n t  i s  an a m p l i tu d e  m odu la ted  
v o l t a g e  s i g n a l  p r o p o r t i o n a l  t o  t h e  c a p a c i t a n c e  o f  t h e  s e n ­
s o r  w i r e .  T h i s  v o l t a g e  i s  t h e n  c o n v e r t e d  i n t o  a  p r o p o r ­
t i o n a l  f r e q u e n c y  w i t h  a VFV-10K v o l t a g e - t o - f r e q u e n c y  con­
v e r t e r ,  m a n u f a c tu r e d  hy D a t e l  S ys tem s ,  I n c .  The VFV-10K 
c o n v e r t e r  can  he t h o u g h t  o f  a s  an  a n a l o g - t o - d i g i t a l  c o n v e r ­
t e r  w i t h  s e r i a l  o u t p u t  p u l s e s  w hich  must he c o u n te d .  The 
o u t p u t  p u l s e s  a r e  c o n s t a n t  w i d t h  p u l s e s  o f  7 0  | j sec  and a 
2 0 0  n sec  r i s e  t i m e .
The power r e q u i r e m e n t s  f o r  a  s i n g l e  w a v e s t a f f  s y s ­
tem a r e  + 15 v o l t s  a t  45 m i l l i a m p s .  The power r e q u i r e ­
m en ts  f o r  j u s t  t h e  f r e q u e n c y - t o - v o l t a g e  c o n v e r t e r  a r e  + 15 
v o l t s  a t  25 m i l l i a m p s .  The w a v e s t a f f  sy s te m ,  w i t h o u t  t h e  
f r e q u e n c y - t o - v o l t a g e  c o n v e r t e r  draws 18 m i l l i a m p s .  The 
power s u p p l i e d  t o  t h e  w a v e s t a f f  sys tem  was r e g u l a t e d  u s i n g  
two + 15 v o l t  l i n e a r  v o l t a g e  r e g u l a t o r s .  The p l u s  and minus 
s u p p ly  v o l t a g e s  f o r  t h e  two w a v e s t a f f  c i r c u i t s  were s u p p l i e d  
hy two s e t s  o f  f o u r  s i x - v o l t  E veready  Heavy Duty l a n t e r n  
b a t t e r i e s  (model n o .  1209) .  Each s e t  o f  f o u r  were c o n n ec te d  
i n  s e r i e s  t o  s u p p ly  + 24  v o l t s  t o  t h e  l i n e a r  v o l t a g e  r e g u ­
l a t o r s .  The v o l t a g e  r e g u l a t o r s  have a maximum r a t i n g  o f  
35 v o l t s  and a  c u t o f f  v o l t a g e  o f  a ho u t  17 v o l t s  (4 .2 5  v o l t s  
p e r  h a t t e r y ) .  F ig u r e  4 shows t h a t  w i t h  a c u r r e n t  d r a i n  o f  
75  m i l l i a m p s ,  t h e  s e r v i c e  l i f e  o f  t h e  l a n t e r n  b a t t e r i e s  i s  
a h o u t  8 9  c o n t i n u o u s  h o u r s .
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The f r e q u e n c y  m o d u la ted  s i g n a l  o u tp u t  from t h e  
w a v e s t a f f  was s t o r e d  on s t a n d a r d  m a g n e t i c  c a s s e t t e  t a p e  
u s i n g  a R e a l i s t i c  SCT-12 s t e r e o  c a s s e t t e  t a p e  d e c k .  The 
s p e c i f i c a t i o n s  f o r  t h e  t a p e  deck  a r e  g iv e n  i n  Appendix I I .  
S e l e c t i o n  o f  t h i s  r e c o r d e r  was made a f t e r  t e s t i n g  s i x t e e n  
o t h e r  c a s s e t t e  t a p e  u n i t s .  The model q u a l i t y  r a n g e d  from 
t h e  l e a s t  e x p e n s iv e  R e a l i s t i c  model t o  t h e  more e x p e n s iv e  
Sony m od e l .  I t  was found  t h a t  a l l  s t e r e o  c a s s e t t e  t a p e  
d e c k s  t e s t e d  were a h l e  t o  r e c o r d  t h e  f u l l  r an g e  o f  f r e ­
quency s i g n a l s  ( 0 - 1 0  kHz) o u tp u t  hy t h e  w a v e s t a f f  sy s te m .  
P o r t a b l e  s i n g l e  c h a n n e l  c a s s e t t e  r e c o r d e r s  c o u ld  o n ly  
r e c o r d  up t o  ah o u t  7 kHz and were  n o t  c a p a b le  o f  r e c o r d i n g  
t h e  f u l l  r a n g e  o f  f r e q u e n c y  s i g n a l s .  L i t t l e  d i f f e r e n c e ,  
i f  a n y ,  was o b se rv e d  i n  t h e  p e r fo rm an c e  be tw een  b r a n d s .
The b r a n d  o f  c a s s e t t e  t a p e  u se d  i n  a l l  r e c o r d e r  t e s t s  was 
M ax e l l  UDXL/I. T h i s  i s  a s t a n d a r d  t a p e  w i t h  no rm al  b i a s  
and 1 2 0  m ic ro se c o n d  e q u a l i z a t i o n .
The R e a l i s t i c  SCT-12 r e c o r d e r  was s e l e c t e d  o ve r  
o t h e r  s t e r e o  c a s s e t t e  t a p e  d e c k s  b e c a u se  o f  i t s  s m a l l  s i z e ,  
p l a s t i c  c o n s t r u c t i o n ,  and e c o n o m ic a l  p r i c e .  The d im e n s io n s  
o f  t h e  r e c o r d e r  a r e  8 .3  cm X 1 4 .7  cm X 2 4 .7  cm. P l a s t i c  
c o n s t r u c t i o n  was p r e f e r r e d  b e c a u se  i t  would n o t  c o r r o d e  
i n  t h e  m ar in e  e n v i r o n m e n t .
The r e c o r d e r  was o r i g i n a l l y  d e s ig n e d  t o  use  ac 
power o n l y .  S in c e  t h e  w a v e s t a f f  sys tem  was t o  f u n c t i o n  a s
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a  f u l l y  c o n t a i n e d  i n s t r u m e n t ,  m o d i f i c a t i o n  o f  t h e  r e c o r d e r  
t o  a c / d c  power was r e q u i r e d .  F ig u r e  5 shows t h e  way i n  
w h ic h  t h i s  was d o n e .  An e x t e r n a l  s w i t c h  was added t o  t h e  
c a s s e t t e  r e c o r d e r  t o  p r o v i d e  t h e  c h o ic e  o f  ac  o r  dc s u p p ly  
pow er .
A f t e r  t h e  c a s s e t t e  deck  was m o d i f i e d ,  two t y p e s  o f  
c a s s e t t e  t a p e s  were  t e s t e d  f o r  optimum p e r fo rm a n c e .  The 
t e s t s  were  c o n d u c te d  hy c o n n e c t in g  t h e  v o l t a g e  o u tp u t  
d i r e c t l y  t o  a  s t r i p  c h a r t  r e c o r d e r  and a t  t h e  same t im e  
r e c o r d i n g  t h e  o u t p u t  f r e q u e n c y  s i g n a l  on a  c a s s e t t e  t a p e .  
S t a n d a r d  and chromium d i o x i d e  c a s s e t t e  t a p e s  were t h e  two 
t y p e s  t e s t e d .  A s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  a m p l i tu d e  
o f  t h e  o u t p u t  f r e q u e n c y  s i g n a l  from t h e  r e c o r d e r  was found 
t o  e x i s t  b e tw een  t h e  two t a p e s .  The d e s i r e d  i n f o r m a t i o n  
i s  c o n t a i n e d  i n  t h e  f r e q u e n c y  o f  t h e  s i g n a l  and n o t  i n  t h e  
a m p l i t u d e .  T e s t  d a t a  r e c o r d e d  d i r e c t l y  on t h e  s t r i p  c h a r t  
r e c o r d e r  were e s s e n t i a l l y  i d e n t i c a l  t o  t h e  d a t a  o u tp u t  
f rom t h e  c a s s e t t e  r e c o r d e r  u s i n g  b o t h  t y p e s  o f  c a s s e t t e  
t a p e s .  S t a n d a r d  TDK c a s s e t t e  t a p e  was u se d  f o r  a l l  f i e l d  
and c a l i b r a t i o n  e x p e r i m e n t s .  T h i s  t a p e  h a s  norm al  b i a s  
and 7 0  m ic ro se c o n d  e q u a l i z a t i o n .
The m a jo r  d i s a d v a n t a g e  w i t h  t h i s  t y p e  o f  d a t a  
s t o r a g e  sy s te m  i s  t h e  l e n g t h  o f  t a p e  w hich  can be u s e d .  
D u r a t i o n  o f  t h e  l o n g e s t  c a s s e t t e  t a p e  a v a i l a b l e  i s  120 
m i n u t e s  (60  m in u t e s  p e r  s i d e ) .  At a sam pling  r a t e  o f  a
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F ig u r e  5 .  M o d i f i c a t i o n  o f  C i r c u i t  Schem atic  f o r  R e a l i s t i c  
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q u a r t e r  s e c o n d ,  t h i s  r e p r e s e n t s  2 8 ,8 0 0  words  o f  d a t a .
For  c o m p a r i s o n ,  s t a n d a r d  d i g i t a l  c a s s e t t e  t a p e  h a s  a 
p a c k i n g  d e n s i t y  o f  2 4 2  h i t s  p e r  c e n t i m e t e r  (615 h i t s  p e r  
i n c h )  and i s  u s u a l l y  9 8 .4  m i n  l e n g t h .  T h i s  c o n v e r t s  t o  
138 ,375  w ords  o f  d a t a  o r  a h o u t  t e n  h o u r s  o f  c o n t i n u o u s  
s a m p l in g  t i m e .
The i n s t r u m e n t  h o u s i n g  was f a b r i c a t e d  from s t e e l  
p i p e  3 0 .4 8  cm i n  l e n g t h  and d i a m e t e r  ( f i g u r e  6 ) .  The w a l l  
t h i c k n e s s  was 7 .9 4  mm. The h o u s i n g  c o n t a i n e d  two p r i n t e d  
c i r c u i t  h o a r d s ,  one f o r  e a c h  w a v e s t a f f ,  t h e  c a s s e t t e  t a p e  
d e c k ,  and b a t t e r i e s .  A l l  t h e s e  were  a t t a c h e d  t o  a p l e x i ­
g l a s s  f rame w h ic h  b o l t e d  t o  t h e  b o t to m  o f  t h e  h o u s i n g  
(which  was w e ld ed  t o  t h e  s t e e l  p i p e ) .  The p l e x i g l a s s  
f r a m e ,  w i t h  i t e m s  a t t a c h e d  c o u ld  he removed from t h e  
h o u s i n g  a s  a u n i t .  T h i s  a l lo w e d  b o t h  f o r  e a s y  t r o u b l e ­
s h o o t i n g  and f o r  b a t t e r y  c h e c k s .  The w e ig h t  o f  t h e  h o u s i n g  
w i t h  a l l  i t e m s  i n  p l a c e  was a p p r o x i m a t e l y  187  kg .
The h o u s i n g  was s e a l e d  u s i n g  a l i d  2 .5 4  cm i n  
t h i c k n e s s  f i t t e d  w i t h  d o u b le  "o" r i n g s  on i t s  o u t s i d e  edge 
( s e e  f i g u r e  6 ) .  I t  was n e c e s s a r y  t o  c o n s t r u c t  an  o p e n i n g /  
c l o s i n g  mechanism and t o  a t t a c h  i t  t o  t h e  o u t s i d e  o f  t h e  
h o u s i n g .  W i th o u t  t h i s ,  t h e  l i d  c o u ld  n o t  be removed from 
t h e  h o u s i n g .
An e i g h t  h o u r  w a t e r  l e a k a g e  t e s t  was co n du c ted  
from t h e  O ceanography  D e p a r t m e n t ' s  r e s e a r c h  v e s s e l ,  t h e  
R/V Linwood H o l t o n .  The h o u s in g  was t e s t e d  a t  a  d e p t h
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o f  1 1 .5 - 1 3 .1  m e t e r s .  No l e a k s  d e v e lo p e d  and t h e  h o u s i n g  
was opened and c l o s e d  w i t h  e a s e .
The s e n s o r  w i r e s  from t h e  w a v e s t a f f s  were  c o n n e c te d  
t o  t h e  e l e c t r o n i c s  i n s i d e  t h e  h o u s in g  v i a  E l e c t r o  O cea n ic s  
u n d e r w a t e r  c o n n e c t o r s .  Each w a v e s t a f f  u se d  a s e p a r a t e  
c o n n e c t o r ,  e a c h  o f  w hich  c o n t a i n e d  two c o n d u c t o r s .  An 
e x t e r n a l  s w i t c h ,  m a n u f a c tu r e d  by E l e c t r o  O c e a n ic s ,  was 
u se d  t o  t u r n  t h e  c a s s e t t e  r e c o r d e r  on and o f f  f o r  eac h  
d a t a  s e t  d u r i n g  t h e  f i e l d  e x p e r i m e n t s .  T u r n in g  t h e  r e c o r d e r  
on and o f f  c o u ld  be s e e n  i n  t h e  d a t a  a s  z e ro  v o l t a g e s  and 
was v e r y  u s e f u l  i n  t h e  i d e n t i f i c a t i o n  o f  i n d i v i d u a l  d a t a  
s e t s .  A l l  t h e  c o n n e c t o r s  and t h e  s w i t c h  were mounted on 
t h e  p l e x i g l a s s  h o u s i n g  l i d .
The a b i l i t y  t o  see  t h r o u g h  t h e  p l e x i g l a s s  l i d  
p roved  t o  be a d v a n ta g e o u s  d u r i n g  t h e  f i e l d  e x p e r i m e n t s .
The d i g i t a l  t a p e  c o u n t e r  c o u ld  be s e e n  and t h e  coun t  c o u ld  
be r e c o r d e d  b e f o r e  and a f t e r  e a c h  d a t a  s e t .  I n  a d d i t i o n ,  
a v o l t m e t e r  f o r  e a c h  w a v e s t a f f  c i r c u i t  was mounted on t h e  
p l e x i g l a s s  frame i n s i d e  t h e  i n s t r u m e n t  h o u s i n g .  T h is  
a l lo w e d  t h e  o p e r a t i o n  o f  e a c h  w a v e s t a f f  t o  be checked 
b e f o r e  and a f t e r  e ac h  d a t a  s e t .
O c c a s i o n a l l y ,  a c a s s e t t e  t a p e  had t o  be changed 
d u r i n g  a  f i e l d  e x p e r i m e n t .  T h i s  was due t o  t h e  l i m i t e d
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r e c o r d i n g  t im e  o f  a c a s s e t t e  t a p e .  I n  t h i s  e v e n t ,  i t  was 
r e q u i r e d  t o  remove t h e  i n s t r u m e n t  h o u s i n g  from t h e  s u r f  
z o n e ,  open t h e  l i d ,  change  t h e  c a s s e t t e  t a p e  ( o r  j u s t  t u r n  
i t  o v e r ) ,  c l o s e  t h e  l i d ,  t h e n  r e t u r n  t h e  i n s t r u m e n t  h a ck  t o  
t h e  s u r f  zo n e .  T h i s  n o r m a l l y  t o o k  a t o t a l  t im e  o f  15 m in­
u t e s ,  h u t  h a s  heen  a c h i e v e d  i n  a s  l i t t l e  a s  seven  m i n u t e s .
I n i t i a l l y ,  a  p rob lem  o f  sand i n f i l t r a t i n g  be tw een  
t h e  o u t e r  edge o f  t h e  p l e x i g l a s s  l i d  and t h e  i n n e r  w a l l  o f  
t h e  i n s t r u m e n t  h o u s i n g  was e n c o u n t e r e d .  The sand  p e n e t r a t e d  
a s  f a r  a s  t h e  f i r s t  no" r i n g .  T h i s  made i t  d i f f i c u l t  t o  
remove t h e  l i d  from t h e  h o u s i n g .  The p ro b lem  was s o l v e d  
by a p p l y i n g  M o r t i t e  w e a t h e r s t r i p  and c a u l k i n g  c o rd  o v e r  
t h e  sp ace  b e tw een  t h e  p l e x i g l a s s  l i d  and i n s t r u m e n t  h o u s i n g .
F iv e  d i f f e r e n t  s e n s o r  w i r e s  were  e v a l u a t e d  b e f o r e  
t h e  f i r s t  s u c c e s s f u l  dynamic r e s p o n s e  t e s t  was a c h i e v e d .  
I n c r e a s i n g l y  b e t t e r  r e s u l t s  were  o b t a i n e d  by s u c c e s s i v e l y  
d e c r e a s i n g  t h e  d i a m e t e r  o f  t h e  s e n s o r  w i r e .  The r e d u c t i o n  
h as  t h e  e f f e c t  o f  m in im iz in g  t h e  amount o f  w a t e r  a v a i l a b l e  
f o r  rundown. I n  T a b le  3 a r e  l i s t e d  t h e  t y p e s  o f  s e n s o r  
w i r e s  and t h e i r  d i a m e t e r s  t h a t  were e v a l u a t e d  f o r  dynamic 
r e s p o n s e .  T h in  magnet  w i r e  was t h e  s e n s o r  w i r e  chosen  f o r  
t h i s  s t u d y .  The w i r e  h a s  a s i n g l e  c o p p e r  c o n d u c t o r  c o a t e d  
w i t h  enamel  and a  d i a m e t e r  o f  0 .35  mm. The m a jo r  d i s a d v a n ­
t a g e  o f  t h i s  s e n s o r  w i r e  was t h e  l i m i t e d  a bu se  i t  c o u ld  
w i t h s t a n d .  New s e n s o r  w i r e s  had t o  be u se d  f o r  e a c h
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T a b le  3.  T e s t e d  S e n s o r  W ire s
Wire t y p e D ia m e te r  C o a t i n g  M a t e r i a l  C onduc to r  
(mm)
S e l f - f a b r i c a t e d 12 .7 p o l y p r o p o le n e Al ro d
S t r i p p e d  RG-59U 
c o a x i a l  c a b l e
7 . 2 p o l y e t h y l e n e s o l i d  Cu
Hook-up 18 AWG 2 . 0 t h e r m o p l a s t i c s t r a n d e d Cu
Audio s p e a k e r 1 . 6 v i n y l s t r a n d e d Cu
Hook-up 1 .3 t e f l o n s t r a n d e d  Ag
Kynar  com p u te r  
wrap
0.51 p l a s t i c  v i n y l s o l i d  Cu
Magnet 0 .3 5 enamel s o l i d  Cu
e x p e r im e n t  even  th o u g h  g r e a t  c a r e  o f  t h e  w i r e s  was t a k e n  
d u r i n g  e a c h  e x p e r i m e n t .  F u t u r e  s e n s o r  w i r e  d e s i g n s  sh o u ld  
i n c o r p o r a t e  a more d u r a b l e  c o n d u c t o r  w i t h  a f l e x i b l e  
c o a t i n g .
The s e n s o r  w i r e  was c o n n e c te d  t o  t h e  i n s t r u m e n t  
h o u s i n g  v i a  a c o a x i a l  c a b l e  (RG-59U) 6 . 6  m e t e r s  i n  l e n g t h .  
An i n e x p e n s i v e  u n d e r w a t e r  c o n n e c t o r  f o r  j o i n i n g  t h e  two 
w i r e s  was f a b r i c a t e d  w i t h  two r u b b e r  s t o p p e r s ,  a  p o l y v i n y l -  
c h l o r i d e  (PVC) c o u p l i n g  and a c o u p l i n g  n u t .  The c o n n e c t o r  
n e v e r  f a i l e d  w h i l e  b e i n g  u se d  i n  t h e  s u r f  zone .
The s e n s o r  w i r e  was mounted t o  t h e  lo w e r  end o f  t h e  
w a v e s t a f f  s u p p o r t  frame by sewing t h e  w i r e  t h r o u g h  a r u b b e r
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s t o p p e r  and a t t a c h i n g  t h e  r u b b e r  s t o p p e r  t o  t h e  w a v e s t a f f  
f r a m e .  A t t e m p t s  t o  f a s t e n  t h e  s e n s o r  w i r e  d i r e c t l y  t o  t h e  
s u p p o r t  frame were  u n s u c c e s s f u l  b e c a u se  t h e  c o p p e r  conduc­
t o r  was t o o  e a s i l y  b r o k e n .  The r u b b e r  s t o p p e r  was a t t a c h e d  
t o  t h e  s u p p o r t  frame by sewing  a l o o p  o f  m onof i lam en t  
t h r o u g h  t h e  s t o p p e r  and a t t a c h i n g  t h i s  lo o p  t o  t h e  su p p o r t  
f r a m e .
The w a v e s t a f f  s u p p o r t  f ram es  were  c o n s t r u c t e d  from 
PVC p i p e ,  3 . 8  cm i n  d i a m e t e r .  B a s e p l a t e s  were a t t a c h e d  t o  
t h e  b o t to m  o f  e a c h  s u p p o r t  f ram e .  The d im e n s io n s  o f  e a c h  
b a s e p l a t e  were  4 5 . 7  cm X 4 5 . 7  cm X 0 .3 2  cm. The d e s i g n  o f  
t h e  b a s e p l a t e  l i m i t e d  t h e  w a t e r  d e p t h  a t  w h ich  t h e  wave­
s t a f f  c o u ld  be d e p lo y e d .  T h i s  d e p t h  was a p p r o x i m a t e ly  
15 cm.
The p r o c e s s  h e r e  te rm ed  rundown i s  a s s o c i a t e d  w i t h  
t h e  f i l m  o f  w a t e r  w hich  r e m a in s  on a s e n s o r  w i r e  d u r i n g  
r e c e d i n g  w a t e r  l e v e l s .  The o n ly  known s o l u t i o n  t o  t h e  
p ro b lem  i s  t h e  u s e  o f  a s e n s o r  w i re  o f  v e ry  s m a l l  d i a m e t e r .  
The p ro b le m ,  a s  r e l a t e d  t o  c a p a c i t a n c e  wave s e n s o r s ,  was 
f i r s t  r e p o r t e d  by  T u c k e r  and Charnock ( 1 9 5 4 ) .  Rundown has  
b e e n  r e f e r r e d  t o  a s  " f lo w b a c k  phenomenon" by W i ln e r  (1960) 
and " c a p i l l a r y  e f f e c t "  by  K r iz e k  and Monsonyi (19 7 4 ) .  
M cGoldr ick  (1970)  c o n s i d e r e d  rundown a s  t h e  "m en iscus"  
formed a ro u n d  t h e  s e n s i n g  p r o b e .  He s t u d i e d  t h e  e f f e c t s  
o f  s t a t i c  and dynamic s u r f a c e  t e n s i o n  on t h e  m e n i s c u s .  
S i m i l a r  t r e a t m e n t  was a l s o  u se d  by Sturm (1973) i n  a  s tu d y
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o f  c a p i l l a r y  waves on c u r r e n t s .  Kinsman (1965) s u g g e s t s  
t h a t  t h e  rundown p rob lem  d o e s  n o t  have a s i g n i f i c a n t  
e f f e c t  on wave m ea su re m e n ts .
The rundown p rob lem  was d i s c o v e r e d  i n  t h i s  s t u d y  
a f t e r  many u n s u c c e s s f u l  a t t e m p t s  t o  o b t a i n  s a t i s f a c t o r y  
dynamic r e s p o n s e  w i t h  s e n s o r  w i r e s  o f  l a r g e  d i a m e t e r  ( s e e  
T a b le  3 ) .  I t  must  be n o t e d  t h a t  e x c e l l e n t  s t a t i c  r e s p o n s e  
o f  t h e  w a v e s t a f f  was o b t a i n e d  i n  e v e r y  e x p e r im e n t  w i t h  
l a r g e r  d i a m e t e r  w i r e s .
The e f f e c t s  o f  rundown on t h e  o u tp u t  a m p l i tu d e  o f  a 
w a v e s t a f f  u n d e r  dynamic c o n d i t i o n s  can be q u i t e  s e v e r e .  The 
unwanted e f f e c t s  o f  rundown found i n  t h i s  s t u d y  a g re e  w i t h  
t h o s e  d e s c r i b e d  i n  p r e v i o u s  r e p o r t s .  These a re  summarized 
a s  f o l l o w s :  (1 )  wave c r e s t s  a r e  s p u r i o u s l y  b ro a d e n e d :  (2)
wave t r o u g h s  a p p e a r  s p u r i o u s l y  p o i n t e d ;  (3)  a m p l i tu d e  r e d u c ­
t i o n  i n c r e a s e s  w i t h  i n c r e a s i n g  f r e q u e n c y ;  and (4 )  a m p l i tu d e  
r e d u c t i o n  i s  l e s s  w i t h  d e c r e a s i n g  s e n s o r  w i r e  d i a m e t e r .
A l a r g e  m a j o r i t y  o f  f i e l d  s t u d i e s  u s i n g  w a v e s t a f f s  
have p r e s e n t e d  o n ly  s t a t i c  r e s p o n s e  c h a r a c t e r i s t i c s  o f  
t h e  w a v e s t a f f s  u s e d ,  a p p a r e n t l y  i n d i c a t i n g  t h a t  t h e  dynamic 
r e s p o n s e  o f  t h e  w a v e s t a f f s  was n o t  t e s t e d .  The im p o r ta n c e  
o f  m e a s u r in g  t h e  dynamic r e s p o n s e  o f  a  w a v e s t a f f  c o u ld  n o t  
be o v e r - s t r e s s e d .  A l l  s t u d i e s  w hich  u t i l i z e  w a v e s t a f f s  
sh o u ld  r e p o r t  s t a t i c  and dynamic r e s p o n s e  c h a r a c t e r i s t i c s .  
M oreover ,  t h e  dynamic r e s p o n s e  o f  t h e  combined e l e c t r o n i c s -  
p robe  sy s tem  sh o u ld  be t e s t e d .
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C a l i b r a t i o n  P r o c e d u r e s  and R e s u l t s
A l l  c a l i b r a t i o n  d a t a  u se d  i n  t h e  r e d u c t i o n  o f  
a c t u a l  r e c o r d s  was o b t a i n e d  u n d e r  f i e l d  c o n d i t i o n s .
The f i e l d  c a l i b r a t i o n  e x p e r i m e n t s  were p e rfo rm ed  t o  
d e t e r m i n e  w a v e s t a f f  r e s p o n s e  c h a r a c t e r i s t i c s  and were done 
i n  a  manner  t h a t  s i m u l a t e s  a c t u a l  f i e l d  e x p e r i m e n t s .  B o th  
s t a t i c  and dynamic t e s t s  were p e r f o r m e d .  S t a t i c  c a l i b r a ­
t i o n  t e s t s  were f r e q u e n t l y  c a r r i e d  out  i n  t h e  l a b o r a t o r y  
t o  check  t h e  w a v e s t a f f  e l e c t r o n i c s  and c a s s e t t e  r e c o r d e r  
o p e r a t i o n .  A l l  c a l i b r a t i o n  t e s t s  were co nd u c ted  i n  s e a  
w a t e r .
A c a l i b r a t i o n  t e s t  s i t e  was r e q u i r e d  h a v in g  a w a t e r  
d e p t h  o f  t h r e e  t o  f o u r  m e t e r s  and some t y p e  o f  p i e r  s t r u c ­
t u r e  on which  t o  p l a c e  t h e  c a l i b r a t i o n  d e v i c e s .  Two s i t e s  
were  u s e d .  The i n i t i a l  s i t e  was l o c a t e d  on t h e  p i e r  
m a i n t a i n e d  and u se d  by V i r g i n i a  P i l o t  A s s o c i a t i o n  a t  t h e  
end o f  Bousch S t r e e t  i n  N o r f o l k ,  V i r g i n i a .  Use o f  t h e  
f i n a l  s i t e  r e q u i r e d  p e r m i s s i o n  o f  t h e  N o r f o lk  R ed eve lop ­
ment and Housing  A u t h o r i t y ,  and was l o c a t e d  i n  t h e  s o u t h  
end o f  t h e  Freemason H arbor  complex,  N o r f o l k ,  V i r g i n i a .
S t a t i c  c a l i b r a t i o n  t e s t s  were c a r r i e d  out  by  
r a i s i n g  and l o w e r i n g  t h e  w a v e s t a f f  i n  15 cm i n c r e m e n t s  
a lo n g  t h e  e n t i r e  l e n g t h  o f  t h e  s t a f f .  The w a v e s t a f f s  were  
h e ld  a t  e ac h  in c r e m e n t  f o r  a p e r i o d  o f  50 s e c o n d s .  The
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s t a t i c  r e s p o n s e  c h a r a c t e r i s t i c s  o f  t h e  seaw ard  w a v e s t a f f  
a r e  shown i n  f i g u r e  7 and t h e  sh o rew ard  w a v e s t a f f  i n  
f i g u r e  8 .  D a ta  f o r  t h e  sho rew ard  s t a f f  was n o t  o b t a i n e d  
d u r i n g  f i e l d  e x p e r i m e n t s  two and t h r e e  b e c a u s e  o f  a f a i l u r e  
i n  t h e  E l e c t r o  O c e a n ic s  u n d e r w a t e r  c o n n e c t o r .  The g a i n  
c o n s t a n t  o f  b o t h  w a v e s t a f f s  was c o n s i s t e n t l y  n e a r  33 mv/cm. 
The o f f s e t  c o n s t a n t  o f  t h e  seaward  w a v e s t a f f  ran g e d  from 
a p p r o x i m a t e l y  3.1 t o  6 .4  v o l t s  w h i le  t h a t  o f  t h e  s h o r e ­
ward w a v e s t a f f  r a n g e d  from a p p r o x i m a t e l y  4 .4  t o  4 . 8  v o l t s .
An e x p l a n a t i o n  f o r  t h i s  v a r i a t i o n  i n  t h e  o f f s e t  c o n s t a n t  
i s  t h e  u s e  o f  d i f f e r e n t  s e n s o r  w i r e s  be tw een  t e s t s .
Dynamic c a l i b r a t i o n  t e s t s  were  c o n d u c ted  by o s ­
c i l l a t i n g  t h e  w a v e s t a f f s ,  v e r t i c a l l y ,  r e l a t i v e  t o  t h e  w a t e r  
s u r f a c e ,  a t  known a m p l i t u d e s  and f r e q u e n c i e s .  To do t h i s ,  
a hand c ra n k  and p u l l e y  sys tem  was c o n s t r u c t e d .  A " c l a c k e r "  
was a t t a c h e d  t o  t h e  hand  c ra n k  t o  a i d  i n  a c h i e v i n g  smooth 
w a v e s t a f f  o s c i l l a t i o n .  S im u la t e d  s i n u s o i d a l  m o t io n  f o r  
v a r i o u s  wave p e r i o d s  were  o b t a i n e d  by m a i n t a i n i n g  a d e s i g ­
n a t e d  t im e  i n t e r v a l  be tw een  " c l a c k s " .  Each s i m u l a t i o n  
l a s t e d  f o r  ab o u t  t h r e e  m i n u t e s .  Wave a m p l i t u d e s  o f  15 cm 
and 30 cm and wave p e r i o d s  r a n g i n g  from two t o  16 seconds  
were  u s e d  i n  dynamic r e s p o n s e  t e s t s .  The dynamic r e s p o n s e  
c h a r a c t e r i s t i c s  o f  b o t h  w a v e s t a f f s  show a f l a t  r e s p o n s e  
down t o  a b o u t  f o u r  s e c o n d s  ( f i g u r e s  9 and 1 0 ) .  The
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F ig u r e  7 .  S t a t i c  R esponse  o f  Seaward W a v e s t a f f  f o r  Each
F i e l d  Experiment













F ig u r e  8 .  S t a t i c  Response o f  Shoreward W a v e s t a f f  f o r  Each
F i e l d  Experiment
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F ig u r e  9 .  Frequency  Response  o f  Seaward W a v e s t a f f  f o r
A m p l i tu d e s  o f  15 and 30 C e n t im e t e r s
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F ig u r e  10.  Frequency Response  o f  Shoreward W a v e s t a f f  f o r
A m p li tu d es  o f  15 and 50 C e n t im e te r s
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s l i g h t  a m p l i t u d e  r e d u c t i o n  be low t h i s  v a l u e  i s  due t o  w a t e r  
r e m a in i n g  on t h e  w i r e  ( ru n do w n ) .  B e t t e r  f r e q u e n c y  r e s p o n s e  
may be o b t a i n e d  by u s i n g  s m a l l e r  d i a m e t e r  w i r e .  The d iam e­
t e r  o f  t h e  s e n s o r  w i r e  u se d  i n  a l l  e x p e r i m e n t s  was 0 .3 5  mm.
E x p e r i m e n t a l  S i t e
The i d e a l  f i e l d  e x p e r im e n t  s i t e  c o u ld  be d e s ­
c r i b e d  a s  h a v i n g  a g e n t l e  s l o p e  w i t h  no l o n g s h o r e  b a r s ,  a 
w ide  s u r f  z o n e ,  a w e l l - d e f i n e d  b r e a k e r  r e g i o n ,  a s m a l l  
t i d a l  v a r i a t i o n ,  e a s y  v e h i c l e  a c c e s s ,  s m a l l  waves ,  weak 
l o n g s h o r e  c u r r e n t s ,  and a maximum w a t e r  d e p t h  i n  t h e  s u r f  
zone o f  1 .5  m e t e r s  (w ad ing  d e p t h ) .  I t  was a l s o  e s s e n t i a l  
t h a t  t h e  s i t e  be l o c a t e d  i n  t h e  T i d e w a t e r ,  V i r g i n i a  a r e a .
The e x p e r i m e n t a l  s i t e  s e l e c t e d  was l o c a t e d  a t  t h e  
end o f  1 7 th  S t r e e t ,  V i r g i n i a  Beach ,  V i r g i n i a ,  im m e d ia te ly  
n o r t h  o f  t h e  l o c a l  f i s h i n g  p i e r  ( s e e  f i g u r e  1 ) .  The n e a r ­
sh o re  p r o f i l e s  m easu red  b e f o r e  e a c h  f i e l d  e x p e r im e n t  a r e  
shown i n  f i g u r e s  11 -14-  B r e a k e r  h e i g h t s  a t  t h e  s tu d y  
s i t e  a r e  u s u a l l y  a  m e t e r  o r  l e s s .  L ongshore  c u r r e n t  sp e e d s  
a r e  g e n e r a l l y  30 cm p e r  s e c o n d .  The t i d e s  a r e  s e m i d i u r n a l  
w i t h  an  a v e r a g e  r a n g e  o f  a p p r o x i m a t e l y  0 .9  m. The b e ac h  
h as  b e e n  n o u r i s h e d  a r t i f i c i a l l y  a t  l o c a t i o n s  s e v e r a l  b l o c k s  
n o r t h  o f  t h e  s i t e .  I n  a d d i t i o n ,  s e d im e n t  i s  p e r i o d i c a l l y  
pumped o n to  t h e  b e a c h  from a s a n d - b y p a s s i n g  sys tem a t  
Rudee I n l e t  w hich  i s  l e s s  t h a n  2 km s o u t h  o f  t h e  e x p e r im e n t  
s i t e .
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F ig u r e  11 .  Beach P r o f i l e s  and Measurement l o c a t i o n s  f o r
F i e l d  Experiment  No. 1 .  Symbols f o r  Data  S e t s  a re :
( 1 ) 0  , ( 2 ) •  , ( 3 )  o  , ( 4 )  ■ , ( 5 )  A , (6 )  A .
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FIELD EXPERIMENT NO.1 
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F ig u r e  12 .  Beach P r o f i l e s  and Measurement L o c a t i o n s  f o r
F i e l d  Experiment No. 2 .  Symbols f o r  t h e  Lata  S e t s  a r e :
( 1 ) 0  , ( 2 )  •  , ( 3 )  □ , ( 4 )  ■ , ( 5 )  A , ( 6 )  A .
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F ig u r e  13 .  Beach. P r o f i l e s  and Measurement L o c a t i o n s  fo
F i e l d  Experim ent  No. 3 .  Symbols  f o r  t h e  Lata  S e t s  a r e :
(1 )  O , ( 2 )  •  , ( 3 )  □ , ( 4 )  ■ , ( 5 )  A .
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Fig u re  14- Beach P r o f i l e s  and Measurement L o c a t i o n s  f o r
F i e l d  Experiment No. 4 .  Symbols  f o r  t h e  Data S e t s  a r e :
( 1 )  o  , ( 2 )  •  , ( 3 )  □ , ( 4 )  ■ , ( 5 )  A , ( 6 )  A .
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F i e l d  P r o c e d u r e s  
As i n  most  f i e l d  e x p e r i m e n t s ,  w e a t h e r  p l a y e d  a 
m a jo r  p a r t  i n  t h e  s e l e c t i o n  o f  days  f o r  f i e l d  e x p e r i m e n t s .  
Days were  c h o sen  o n ly  i f  t h e r e  were s m a l l  waves ,  calm w inds  
and no p r e c i p i t a t i o n .  The w e a t h e r  c o n d i t i o n s  f o r  eac h  
f i e l d  e x p e r im e n t  a r e  l i s t e d  i n  T a b le  4 .
T a b le  4 .  P h y s i c a l  C o n d i t i o n s  D u r in g  F i e l d  E x p e r im e n t s
F i e l d
E x p e r im e n t
Wind 
Di r e  c t  i  on /Spe ed 
( k n o t s )
L ongshore  C u r r e n t  
D i r e c t i  on /Speed  
( f t / s e c )
1 W/5-15 N/1
2 SW/5 N/1 .2
3 E/5 N/1 .2
4 S S E /8 -15 v a r i a b l e
Each f i e l d  e x p e r im e n t  r e q u i r e d  a minimum o f  f o u r  
p e o p le  t o  c a r r y  out  t h e  p r o c e d u r e s .  These  p r o c e d u r e s  a r e  
i l l u s t r a t e d  i n  f i g u r e  15. The w a v e s t a f f s  were  dep lo y e d  
and h e l d  i n  p l a c e  m a n u a l ly  d u r i n g  t h e  t a k i n g  o f  e a c h  d a t a  
s e t  u s i n g  PVC e x t e n s i o n s  a t t a c h e d  t o  e a c h  w a v e s t a f f  su p ­
p o r t  f rame ( s e e  f i g u r e  16 ) .  T h i s  method worked w e l l  and 
a l lo w e d  r e p o s i t i o n i n g  o f  t h e  w a v e s t a f f s  q u i c k l y  ( s e e  
e l a p s e d  t i m e s ,  f i g u r e s  1 1 - 1 4 ) .  The t im e  t o  com ple te  an 
e n t i r e  d a t a  s e t ,  i n c l u d i n g  t h e  t im e  t o  r e p o s i t i o n  t h e
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F i g u r e  15. Sequence o f  F i e l d  P r o c e d u r e s  f o r  Each F i e l d  
E x p er im en t
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F i g u r e  16. S e n so r  Wire Suppor t  Frame and E x t e n s i o n  f o r  
Manual Deployment i n  t h e  S u r f  Zone












Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
w a v e s t a f f s  was u s u a l l y  12-13 m i n u t e s .  I t  g e n e r a l l y  r e q u i r e d  
abou t  f o u r  h o u r s  t o  c o m p le te  an e n t i r e  e x p e r i m e n t .
The d u r a t i o n  o f  e a c h  d a t a  s e t  was a p p r o x i m a t e l y  
10 m i n u t e s  ( s e e  f i g u r e s  1 1 - 1 4 ) .  Measurements  o f  b r e a k e r  
d i s t a n c e s ,  mean swash p o s i t i o n s ,  and t h e  mean w a t e r  d e p t h  
a t  e a c h  s t a f f  were  t a k e n  d u r i n g  e a c h  d a t a  s e t .  The b r e a k e r  
p o i n t  was t a k e n  t o  be t h e  p l a c e  where  t h e  wave c r e s t  c u r l e d  
o v e r  c o m p l e t i n g  t h e  b r e a k i n g  p r o c e s s .  Bowen e t  a l .  (1968) 
r e f e r  t o  t h i s  p o i n t  a s  t h e  p lu n g e  p o i n t .
A f t e r  e a c h  d a t a  s e t  t h e  c a s s e t t e  r e c o r d e r  was 
t u r n e d  o f f  and t h e  m e t e r  co u n t  r e c o r d e d .  The w a v e s t a f f  
e l e c t r o n i c s ,  f o r  e a c h  s t a f f ,  r em a ined  on th r o u g h o u t  t h e  
e x p e r i m e n t .
The i n s t r u m e n t  h o u s i n g  was l e f t  v i r t u a l l y  unmanned 
d u r i n g  d a t a  s e t s .  I t  was h e l d  i n  p l a c e  w i t h  two s t e e l  
s t a k e s  a t t a c h e d  t o  e a c h  s i d e .  These  were 0 .3  m e t e r s  l o n g  
and c o n s t r u c t e d  o f  0 .3 2  cm a n g le  i r o n .  The h o u s in g  had a 
t e n d e n c y  t o  s h i f t  p o s i t i o n ,  r e q u i r i n g  f r e q u e n t  v i s u a l  
i n s p e c t i o n s  d u r i n g  t h e  t a k i n g  o f  t h e  d a t a  s e t s .  T h i s  
s h i f t i n g  was due t o  s c o u r  a t  t h e  b a s e  o f  t h e  h o u s in g .
S t a t i c  c a l i b r a t i o n s  o f  e a c h  w a v e s t a f f  were  c a r r i e d  
out  b e f o r e  and a f t e r  e a c h  e x p e r i m e n t .  F i e l d  c a l i b r a t i o n s  
were c o n d u c te d  i n  a 1 4 - g a l l o n  p l a s t i c  c o n t a i n e r  f i l l e d  
w i t h  sea  w a t e r  t a k e n  from t h e  s i t e .
The p o s i t i o n s  o f  e a c h  w a v e s t a f f ,  b r e a k e r  p o i n t s ,  
and mean swash l o c a t i o n s  were s i g h t e d  u s i n g  a l e v e l  t r a n s i t .
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E ach  t r a n s i t  r e a d i n g  would g iv e  t h e  p o s i t i o n  i n  t h e  form 
o f  a d i s t a n c e  and a z im u th  h o t h  r e l a t i v e  t o  t h e  t r a n s i t  
p o s i t i o n  on t h e  "beach. The p o s i t i o n  m easurem ents  were 
l a t e r  c o n v e r t e d  t o  x - y  components  i n d i c a t i n g  t h e  o f f s h o r e  
and a lo n g s h o r e  d i r e c t i o n s ,  r e s p e c t i v e l y .  The x-component  
was u se d  f o r  c a l c u l a t i n g  o f f s h o r e  w a v e s t a f f  p o s i t i o n s ,  
n e a r s h o r e  bo t to m  p r o f i l e s ,  and b r e a k e r  p o i n t  e s t i m a t e s .
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I l l . DATA ANALYSIS
Wave D a ta  P r e p a r a t i o n  
A f t e r  t h e  a c q u i s i t i o n  o f  t h e  f i e l d  d a t a  w h ich  were 
s t o r e d  on m a g n e t i c  c a s s e t t e  t a p e ,  a second  phase  o f  o p e ra ­
t i o n s  was needed  t o  t r a n s f e r  t h e  d a t a  i n t o  t h e  u n i v e r s i t y  
com pu te r  sy s tem  ( s e e  f i g u r e  2 ) .  The wave d a t a  i n  a n a lo g  
form , s t o r e d  on c a s s e t t e  t a p e ,  a r e  c o n t a i n e d  i n  t h e  v a r y i n g  
f r e q u e n c y  p o r t i o n  o f  t h e  r e c o r d e r  o u tp u t  s i g n a l .  D o u b l ing  
t h e  a m p l i tu d e  o f  t h e  s i g n a l  e n a b l e s  t h e  s i g n a l  t o  be r e ­
c e i v e d  by t h e  f r e q u e n c y - t o - v o l t a g e  u n i t .  The o u tp u t  o f  
t h i s  u n i t  i s  t h e  o r i g i n a l  a n a l o g  v o l t a g e  w hich  was o u tp u t  
by t h e  w a v e s t a f f  d e t e c t o r  c i r c u i t .  T h i s  p r o c e d u r e  was 
v e r i f i e d  w i t h  c a l i b r a t i o n  d a t a  and t h e  c a s s e t t e  t a p e  t e s t s  
(page  2 0 ) .  The d a t a  a t  t h i s  p o i n t  were  r e c o r d e d  on b o t h  
a s t r i p  c h a r t  r e c o r d e r  and a d i g i t a l  d a t a  l o g g e r  so t h a t  a 
f u r t h e r  check o f  t h e  d a t a  c o u ld  be made a t  a l a t e r  s t a g e .  
The d a t a  were d i g i t a l l y  r e c o r d e d  on to  d i g i t a l  c a s s e t t e s  
u s i n g  an  I n t e r o c e a n  model 680 d i g i t a l  d a t a  l o g g e r .  The 
d i g i t i z a t i o n  i n t e r v a l  was a q u a r t e r - s e c o n d .  The a l l o w a b le  
i n p u t  a n a l o g  v o l t a g e  r a n g e  o f  t h e  d i g i t a l  d a t a  l o g g e r  i s  
+ 7 -999  v o l t s .  To p r e v e n t  any p o s s i b l e  damage t o  t h e  d a t a  
l o g g e r  t h e  i n p u t  v o l t a g e  was a t t e n u a t e d  u s i n g  an i n s t r u ­
m e n t a t i o n  a m p l i f i e r  b a sed  on a Burr-Brown 3662 low o f f s e t  
v o l t a g e  a m p l i f i e r .
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The d i g i t i z e d  d a t a  were  t h e n  t r a n s f e r r e d  i n t o  t h e  
u n i v e r s i t y  Dec-10 d i s k  s t o r a g e  sys tem  u s i n g  an I n t e r o c e a n  
d i g i t a l  c a s s e t t e  r e a d e r .  The t im e  n e c e s s a r y  t o  t r a n s f e r  t h e  
d a t a  i n t o  t h e  com puter  and d a t a  e d i t i n g  was c o n s i d e r a b l e .
I t  g e n e r a l l y  r e q u i r e d  9-13  se c o n d s  t o  r e a d  i n  one g rou p  o f  
d a t a .  Each  g roup  c o n t a i n e d  e i g h t  s e c o n d s  o f  d a t a  o r  64 
words ( d a t a  v a l u e s ) .
E d i t i n g  o f  d a t a  became n e c e s s a r y  a s  a r e s u l t  o f  
t r a n s m i s s i o n  e r r o r s  b e tw een  t h e  d i g i t a l  c a s s e t t e  r e a d e r  
and t h e  u n i v e r s i t y  D ec-10  c o m p u te r .  The e r r o r s  c o n s i s t e n t l y  
were i n  t h e  form o f  s p u r i o u s  s p i k e s  and i n t e r c h a n g e d  d a t a  
b e tw ee n  t h e  two c h a n n e l s .  The l a t t e r  e r r o r  would o n ly  
a f f e c t  one g roup  o f  d a t a  a t  a t im e  and was e a s i l j r  e d i t e d .
C o n v e rs io n  o f  t h e  d a t a  back t o  t h e  o r i g i n a l  a n a l o g  
v o l t a g e  v a l u e s  was a c c o m p l i sh e d  u s i n g  t h e  a c t u a l  a t t e n u a t i o n  
c o n s t a n t s  o f  t h e  i n s t r u m e n t a t i o n  a m p l i f i e r .  These  c o n s t a n t s  
were d e te r m in e d  f o r  e a c h  c h a n n e l  by s i m u l t a n e o u s l y  r e c o r d i n g  
on t h e  d a t a  l o g g e r ,  known i n p u t  and t h e  c o r r e s p o n d i n g  o u tp u t  
v o l t a g e s  o f  t h e  i n s t r u m e n t a t i o n  a m p l i f i e r .  A l e a s t  s q u a r e s  
e q u a t i o n  was f i t  t o  t h e  d a t a .  The e q u a t i o n s  f o r  c h a n n e l s  
one and two o f  t h e  a m p l i f i e r  a r e :
where x i s  t h e  i n p u t  v o l t a g e  v a lu e  and y i s  t h e  a t t e n u a t e d  
o u t p u t  v o l t a g e  v a l u e .
Channel  1: y = 0 .5193x  + 0 .0103  
Channel  2 :  y = 0 . 5 1 8 l x +  0 .0327
(3 )
(4 )
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C a l c u l a t i o n s  and P l o t t i n g  
A l l  wave d a t a  r e a d  i n t o  t h e  u n i v e r s i t y  Dec-10  d i s k  
s t o r a g e  sy s te m  were  i n  d i g i t a l  v o l t a g e  form.  The com pute r  
p r o g r a m s  u s e d  f o r  d a t a  e d i t i n g ,  c a l c u l a t i o n s ,  and p l o t  
r o u t i n e s  a r e  l i s t e d  i n  Appendix I I I .  T e x t  e d i t o r  commands 
f o r  i n t e r f a c i n g  t h e  d i g i t a l  c a s s e t t e  r e a d e r  and a r e a r r a n g ­
i n g  d a t a  fo rm a t  s t r u c t u r e  a r e  a l s o  l i s t e d .  The c o n v e r s i o n  
from v o l t a g e  t o  a c t u a l  m e a s u re s  o f  s u r f a c e  e l e v a t i o n  were  
computed w i t h  t h e  f o l l o w i n g  r e l a t i o n :
H ( t )  = v o l t a g e - o f f s e t  c o n s t a n t  , (5 )
g a i n  c o n s t a n t
where  n ( " t )  i s  t h e  m easu red  w a t e r  s u r f a c e  e l e v a t i o n  o v e r  
t i m e .  The g a i n  and o f f s e t  c o n s t a n t s  a r e  t h o s e  d e te r m i n e d  
from t h e  s t a t i c  c a l i b r a t i o n  t e s t s  b e f o r e  and a f t e r  eac h  
f i e l d  e x p e r i m e n t .
E q u a t io n  (5 )  works  i n  t h e  f o l l o w i n g  way: S u b t r a c t ­
i n g  ou t  t h e  o f f s e t  c o n s t a n t s  c o r r e c t s  f o r  z e r o  o f f s e t ,  
w h ich  i n  e f f e c t  r e d u c e s  t h e  s i g n a l  v o l t a g e s  such  t h a t  z e ro  
dc v o l t s  w i l l  c o r r e s p o n d  w i t h  t h e  z e r o  l e v e l  on t h e  wave­
s t a f f .  I n  t h e  same s t e p ,  d i v i s i o n  by t h e  g a i n  c o n s t a n t  
c o n v e r t s  t h e  s i g n a l  v o l t a g e  v a l u e s  t o  a c t u a l  m ea su re s  o f  
w a t e r  s u r f a c e  e l e v a t i o n .  I d e a l l y ,  i f  t h e  g a i n  and o f f s e t  
c o n s t a n t s  have been  a c c u r a t e l y  d e t e r m i n e d ,  t h e  v a r y i n g  dc 
v o l t a g e  s i g n a l  can  be c o n v e r t e d  t o  a c t u a l  m ea su re s  o f  w a t e r  
s u r f a c e  e l e v a t i o n  above t h e  sea  b e d .  The mean v a l u e  com­
p u t e d  from t h e  wave r e c o r d  c o u ld  t h e n  be u se d  t o  a p p ro x im a te
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
48
t h e  mean w a t e r  d e p t h  a t  t h e  w a v e s t a f f  l o c a t i o n ,  p r o v i d i n g  
t h e  o f f s e t  c o n s t a n t  r e m a in e d  s t a b l e .
The o f f s e t  c o n s t a n t s  d i d  v a r y  c o n s i d e r a b l y  ( e x ­
p l a i n e d  e a r l i e r )  so were  n o t  u se d  t o  d e t e r m i n e  t h e  mean 
w a t e r  d e p t h  a t  e a c h  w a v e s t a f f  l o c a t i o n .  They were u s e d ,  
how ever ,  i n  p l o t t i n g  t h e  two wave r e c o r d s  ( s i m u l t a n e o u s l y )  
so t h a t  t h e y  would be o f f s e t  from one a n o t h e r  and e l i m i n a t e  
any i n t e r s e c t i o n s .
Each wave r e c o r d  was d e t r e n d e d  u s i n g  a l i n e a r  l e a s t  
s q u a r e s  c r i t e r i o n .  T h i s  was done by f i t t i n g  a  l i n e a r  f u n c ­
t i o n  t o  t h e  d a t a  and t h e n  s u b t r a c t i n g  t h i s  f u n c t i o n  from 
t h e  d a t a .  The wave d a t a  were  t h e n  u s u a l l y  i n s p e c t e d  f o r  
e r r o r s  by s i m u l t a n e o u s l y  p l o t t i n g  t h e  d a t a  f rom e a c h  wave­
s t a f f .  A sample  p l o t  o f  a wave r e c o r d  i s  shown i n  f i g u r e  . 
17. The wave h e i g h t s  shown a r e  n o t  r e l a t i v e  t o  t h e  sea  
bed and have b e en  o f f s e t  from one a n o t h e r  a s  d e s c r i b e d  
a b o v e .  The r e c o r d s  a r e  n o t  e x a c t l y  s i m u l t a n e o u s ,  b u t ,  
r a t h e r ,  a r e  a q u a r t e r - s e c o n d  out  o f  p h a s e .  T h i s  i s  due t o  
t h e  s a m p l in g  d e s i g n  o f  t h e  d i g i t a l  d a t a  l o g g e r .
A f i n a l  check  o f  t h e  d a t a  was made by comparing  
wave r e c o r d s  o u t p u t  by t h e  com pute r  w i t h  t h e  s t r i p  c h a r t  
r e c o r d s  o f  t h e  a n a l o g  d a t a  b e f o r e  i t  was r e c o r d e d  on d i g i ­
t a l  c a s s e t t e  and r e a d  i n t o  t h e  com pu te r  ( s e e  f i g u r e  2 ) .  
O c c a s i o n a l l y  t h e  wave d a t a  a t  t h i s  s t a g e  was n o t  e r r o r - f r e e  
and r e q u i r e d  f u r t h e r  e d i t i n g .  I n  t h e  end ,  wave r e c o r d s
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o u t p u t  from t h e  com pu te r  compared i d e n t i c a l l y  t o  t h e  wave 
r e c o r d s  o u t p u t  on to  t h e  s t r i p - c h a r t  r e c o r d e r .
R e l a t i v e  p o s i t i o n  i n  t h e  s u r f  zone was t a k e n  a s  
t h e  r a t i o  o f  t h e  d i s t a n c e  from t h e  mean b r e a k e r  p o s i t i o n  
t o  t h e  s u r f  zone w i d t h .  The w i d t h  o f  t h e  s u r f  zone i s  
t h e  d i s t a n c e  from t h e  mean b r e a k e r  p o s i t i o n  t o  t h e  s h o r e ­
l i n e  o f  mean w a t e r  l e v e l .  Use o f  r e l a t i v e  s u r f  zone p o s i ­
t i o n  t a k e s  i n t o  c o n s i d e r a t i o n  s p a t i a l  c h an g e s  w h ich  may 
have  o c c u r r e d  i n  t h e  s u r f  zone g eo m e try  b e tw een  d a t a  s e t s ,  
t h e r e b y  making s e p a r a t e  d a t a  s e t s  c o m p a ra b le .
Mean b r e a k e r  p o s i t i o n  was a p p ro x im a te d  by a v e r a g i n g  
a l l  m easu red  b r e a k e r  d i s t a n c e s  t a k e n  d u r i n g  a d a t a  s e t .
The number o f  b r e a k e r  p o s i t i o n s  m easu red  d u r i n g  a  d a t a  s e t  
v a r i e d ;  t h e  maximum number m easured  d u r i n g  a d a t a  s e t  was 
t w e l v e .  When t h e  mean b r e a k e r  p o s i t i o n  was found  t o  be 
r e l a t i v e l y  s t a t i o n a r y  t h r o u g h o u t  a n  e x p e r i m e n t ,  a  mean o f  
a l l  m easu red  b r e a k e r  p o s i t i o n s  was c a l c u l a t e d  and u se d  f o r  
t h e  mean o f  e a c h  i n d i v i d u a l  d a t a  s e t .
The s h o r e l i n e  o f  mean w a t e r  l e v e l  was assumed t o  be 
t h e  p o i n t  a t  w h ich  t h e  mean w a t e r  l e v e l  i n t e r s e c t e d  t h e  
f o r e s h o r e .  T h i s  p o s i t i o n  was e s t i m a t e d  g r a p h i c a l l y  u s i n g  
f i g u r e s  1 1 -14 .  The h e i g h t  o f  mean w a t e r  l e v e l  above t h e  
sea  bed was e s t i m a t e d  u s i n g  t h e  mean w a t e r  d e p th s  a t  e a c h  
w a v e s t a f f .  These  d e p t h s  were  v i s u a l l y  e s t i m a t e d  d u r i n g  t h e  
d a t a  s e t s  i n  e a c h  f i e l d  e x p e r i m e n t .  The mean w a t e r  l e v e l  
f o r  e a c h  d a t a  s e t  i s  n o t  shown i n  f i g u r e s  11-14 b u t  can be
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o b t a i n e d  by e x t e n d i n g  a h o r i z o n t a l  l i n e  from t h e  i n d i c a t e d  
mean w a t e r  s h o r e l i n e  t o  t h e  mean b r e a k e r  p o s i t i o n .
Wave h e i g h t  was e s t i m a t e d  from t h e  d i g i t i z e d  r e c o r d s  
by com put ing  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  e l e v a t i o n  o f  t h e  
w a t e r  s u r f a c e  a s  a f u n c t i o n  o f  t i m e ,  t h e n  m u l t i p l y i n g  t h i s  
v a lu e  by f o u r ,
H4o
where i s  wave h e i g h t  and o i s  t h e  s t a n d a r d  d e v i a t i o n  
( i . e .  r o o t  mean s q u a r e  a m p l i t u d e ) .  Wave h e i g h t ,  when c a l ­
c u l a t e d  t h i s  way, i s  sometimes r e f e r r e d  t o  a s  t h e  s i g n i f i ­
c a n t  wave h e i g h t ,
S i l v e s t e r  (1974)  showed t h a t  one way t o  o b t a i n  
e q u a t i o n  (6 )  i s  t o  s u b s t i t u t e  t h e  r e l a t i o n s h i p  be tween a 
s t a t i s t i c a l  wave p a r a m e t e r ,  E, and t h e  v a r i a n c e  o f  t h e  
r e c o r d ,  a  , found by l o n g u e t - H i g g i n s  ( 1 9 5 2 ) ,
E = 2 a 2 (7 )
i n t o  t h e  r e l a t i o n s h i p  b e tw een  t h e  s i g n i f i c a n t  wave h e i g h t ,  
H _ |^ ,  and'\TET found by L o n g u e t - H ig g in s  and C a r t w r i g h t  (1956) .
Hl / 3  = 2 .8 3  V IST * (8)
y i e l d i n g ,
Hi / 3  = 2 .8 3  y i T =  2 . 8 3 V 2 ’a ~ 4 a  (9)
The s t a t i s t i c a l  wave p a r a m e t e r ,  E, h a s  d im e n s io n s  
o f  ( l e n g t h ) 2 and i s  p r o p o r t i o n a l  t o  t h e  e n e r g y  o f  t h e  waves 
a t  t h e  m e a s u r in g  p o i n t .  To e l i m i n a t e  any c o n f u s i o n ,  t h e  
use  o f  H^ i n s t e a d  o f  f o r  wave h e i g h t  h a s  been  chosen
f o r  t h i s  s t u d y .
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The c a l c u l a t e d  wave h e i g h t s ,  a s  a f u n c t i o n  o f  o f f ­
s h o re  d i s t a n c e  f o r  a l l  f i e l d  e x p e r i m e n t s ,  t o g e t h e r  w i t h  t h e  
b o t to m  p r o f i l e  f o r  t h e  t im e  o f  t h e  e x p e r i m e n t ,  a r e  shown i n  
f i g u r e s  11-14 a l o n g  w i t h  t h e  l o c a t i o n s  o f  t h e  mean w a t e r  
s h o r e l i n e s  and b r e a k e r  p o s i t i o n s  u se d  t o  c a l c u l a t e  t h e  
r e l a t i v e  s u r f  zone p o s i t i o n s  f o r  e a c h  w a v e s t a f f .  The mean 
w a t e r  l e v e l  shown r e p r e s e n t s  an a v e r a g e  o f  t h e  d a t a  s e t s  
i n  t h e  e x p e r i m e n t .
A l e a s t  s q u a r e s  c u b ic  p o ly n o m ia l  was f i t t e d  t o  t h e  
wave d a t a  c o l l e c t e d  d u r i n g  e a c h  f i e l d  e x p e r im e n t  ( f i g u r e s  
1 1 - 1 4 ) .  These  c u r v e s  were computed on H ew le t t  Packard  
model 41C hand c a l c u l a t o r  u s i n g  t h e  POLYC program a v a i l a b l e  
i n  t h e  HP STAT-PAC. The program r e f e r e n c e  i s  HP-67/97 
MATH PACI, Program MA1-07.
At p r e s e n t ,  t h e r e  i s  no e s t a b l i s h e d  c r i t e r i o n  f o r  
c l a s s i f y i n g  b r e a k e r  t y p e  on a n a t u r a l  b e a c h .  P r e v i o u s  
f i e l d  s t u d i e s  have g i v e n  q u a l i t a t i v e  d e s c r i p t i o n s  o f  t h e  
o b se rv e d  b r e a k e r  t y p e .  S t u d i e s  by G a lv in  (1968) and Gaughan 
(1976)  p ro d u ce d  d i f f e r e n t  c r i t e r i a  f o r  b r e a k e r  t y p e  c l a s s i ­
f i c a t i o n  f o r  l a b o r a t o r y  s t u d i e s .  An a t t e m p t  was made in  
t h e  p r e s e n t  s t u d y  t o  c l a s s i f y  t h e  o b se rv e d  b r e a k e r  ty p e  
q u a n t i t a t i v e l y  f o r  e a c h  f i e l d  e x p e r im e n t  u t i l i z i n g  b o th  
l a b o r a t o r  c r i t e r i a .  The agreem ent  be tw een  t h e  obse rved  
and t h e  l a b o r a t o r y  b r e a k e r  t y p e  c l a s s i f i c a t i o n  i s  f a i r  
(T ab le  5 ) .  T h i s  may be e x p e c te d  s i n c e  t h e  l a b o r a t o r y  
s t u d i e s  have n e g l e c t e d  c e r t a i n  p h y s i c a l  f a c t o r s  such  a s
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T a b le  5 .  Comparison o f  B r e a k e r  Type C l a s s i f i c a t i o n  U s ing  
L a b o r a t o r y  C r i t e r i o n  t o  t h e  Observed B r e a k e r  Type
F i e l d
E xper im en t
G a lv in  (1968) Gaughan (1976) Observed
1 p l u n g i n g s p i l l i n g - p l u n g i n g p l u n g in g
2 p l u n g i n g s p i l l i n g - p l u n g i n g s p i l l i n g
3 p l u n g i n g s p i  H i  n g - p l u n g i  ng mixed
4 s p i l l i n g s p i l l i n g s p i l l i n g
w in d .  D i f f e r e n t  b r e a k e r  t 3^ pes were  p r e s e n t  d u r i n g  e a c h  
f i e l d  e x p e r i m e n t .  A q u a l i t a t i v e  c l a s s i f i c a t i o n  h a s  been  
ch o sen  f o r  u se  i n  t h e  a n a l y s i s .
The f i r s t  f i e l d  e x p e r im e n t  t o o k  p l a c e  a t  s l a c k  
b e f o r e  f l o o d .  The b r e a k e r  p o i n t  p o s i t i o n  and mean w a t e r  
s h o r e l i n e  v a r i a t i o n  b e tw een  d a t a  s e t s  were s m a l l ,  and 
hence  s u r f  zone w i d t h  was t a k e n  t o  be c o n s t a n t  t h r o u g h o u t  
t h e  e x p e r im e n t  ( s e e  f i g u r e  1 1 ) .  The b r e a k e r  l i n e  was 
m o d e r a t e l y  w e l l - d e f i n e d  and was c h a r a c t e r i z e d  by p l u n g in g  
b r e a k e r s .  S ix  d a t a  s e t s  were  c o l l e c t e d  i n  t h i s  f i e l d  
e x p e r im e n t  i n  a t o t a l  e l a p s e d  t im e  o f  81 m i n u t e s .  Winds 
were n o r t h w e s t  ( o f f s h o r e )  a t  f i v e  t o  f i f t e e n  k n o t s .
The second  f i e l d  e x p e r im e n t  was c o n d uc ted  j u s t  
p r i o r  t o  s l a c k  b e f o r e  f l o o d .  The b r e a k e r  p o i n t  p o s i t i o n  
a p p e a re d  t o  rem a in  c o n s t a n t  b u t  t h e  mean w a t e r  s h o r e l i n e  
r e t r e a t e d  o f f s h o r e ,  r e s u l t i n g  i n  a n a r r o w in g  o f  t h e  s u r f
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zone w i d t h  o f  abou t  s i x  m e t e r s  ( s e e  f i g u r e  1 2 ) .  The b r e a k e r  
zone was w e l l - d e f i n e d ,  and t h e  b r e a k e r s  were  o f  t h e  s p i l l i n g  
t y p e .  S ix  d a t a  s e t s  were c o l l e c t e d  i n  a t o t a l  e l a p s e d  
t im e  o f  101 m i n u t e s .  Winds were w e s t - n o r t h w e s t  ( o f f s h o r e )  
a t  f i v e  k n o t s .
The t h i r d  f i e l d  e x p e r im e n t  was c o n d u c ted  on t h e  
same day  a s  t h e  second  e x p e r i m e n t ,  b u t  d u r i n g  a  f l o o d  t i d e  
a b o u t  two h o u r s  p r i o r  t o  s l a c k  b e f o r e  ebb .  T h i s  was t h e  
o n ly  e x p e r im e n t  where  b o t h  t h e  b r e a k e r  p o i n t  p o s i t i o n  and 
t h e  mean w a t e r  s h o r e l i n e  were  n o t  c o n s t a n t  ( f i g u r e  1 3 ) .
Both  a p p e a re d  t o  move o n sh o re  a t  a b o u t  t h e  same r a t e ,  
r e s u l t i n g  i n  a f a i r l y  c o n s t a n t  s u r f  zone w i d t h .  The b r e a k e r  
zone was m o d e r a t e l y  d e f i n e d ,  w i t h  t h e  l a r g e r  waves o c c a s i o n ­
a l l y  b r e a k i n g  f a r t h e r  o u t ,  i n  t h e  v i c i n i t y  o f  t h e  b r e a k e r  
zone o f  t h e  second e x p e r i m e n t .  I t  s h o u ld  be n o t e d  t h a t  
t h e s e  b r e a k e r s  were w e l l  beyond wading  d e p t h  so t h a t  t h e i r  
p o s i t i o n s  c o u ld  n o t  be m e a su re d .  Mixed s p i l l i n g - p l u n g i n g  
b r e a k e r s  were  p r e s e n t  d u r i n g  t h i s  e x p e r i m e n t .  Seven d a t a  
s e t s  were c o l l e c t e d  i n  a t o t a l  e l a p s e d  t im e  o f  72 m i n u t e s .  
Winds were e a s t  ( o n s h o r e )  a t  f i v e  k n o t s .
The f o u r t h  f i e l d  e x p e r im e n t  was c o n d u c ted  a b o u t  one 
h o u r  a f t e r  s l a c k  b e f o r e  e b b .  S o u t h - s o u t h e a s t  ( o n s h o r e )  
w inds  a t  8 -15  k n o t s  p roduced  s m a l l  wind waves and s p i l l i n g  
b r e a k e r s .  The b r e a k e r  zone was n o t  w e l l - d e f i n e d  so t h a t  a 
mean b r e a k e r  p o s i t i o n  f o r  a l l  d a t a  s e t s  was u s e d .  The 
s h o r e l i n e  o f  mean w a t e r  l e v e l  moved o f f s h o r e  r e s u l t i n g  i n
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a d e c r e a s i n g  s u r f  zone w i d t h  d u r i n g  t h e  e x p e r i m e n t .  S ix  
d a t a  s e t s  were  c o l l e c t e d  i n  a t o t a l  e l a p s e d  t im e  o f  78 
m i n u t e s  ( f i g u r e  1 4 ) .
Wave h e i g h t s ,  a s  a f u n c t i o n  o f  r e l a t i v e  s u r f  zone 
p o s i t i o n  m ea su re d  d u r i n g  e a c h  f i e l d  e x p e r i m e n t ,  a r e  shown 
i n  f i g u r e s  1 8 -2 1 .  F o r  c o m p a r i s o n ,  two e s t i m a t e s ,  d e r i v e d  
from t r a d i t i o n a l  m e t h o d o l o g i e s ,  o f  wave h e i g h t s  a c r o s s  t h e  
s u r f  zone a r e  i l l u s t r a t e d  w i t h  t h e  d o t t e d  and d ash ed  l i n e s .  
The mean b r e a k e r  p o s i t i o n ,  X^, i s  l o c a t e d  a t  t h e  r i g h t  o f  
e a c h  g r a p h  and t h e  s h o r e l i n e  o f  mean w a t e r  l e v e l  i s  l o c a t e d  
a t  t h e  l e f t  o f  e a c h  g r a p h .
The c a l c u l a t i o n  o f  e s t i m a t e d  wave h e i g h t s  a c r o s s  
t h e  s u r f  zone was b a s e d  on t h e  a s s u m p t io n  t h a t  t h e  h e i g h t
o f  t h e  b r o k e n  wave i s  a c o n s t a n t  p r o p o r t i o n  o f  t h e  mean
w a t e r  d e p t h ,  l o c a l l y ,
H(x) = h ( x ) , (10)
where  H(x) i s  t h e  wave h e i g h t  e s t i m a t e  a s  a f u n c t i o n  o f
o f f s h o r e  d i s t a n c e ,  x ;  Y-^  i s  t h e  r a t i o  o f  b r e a k e r  h e i g h t  t o  
b r e a k e r  d e p t h ;  and h ( x )  i s  t h e  mean w a t e r  d e p t h  a s  a 
f u n c t i o n  o f  o f f s h o r e  d i s t a n c e .  The mean w a t e r  d e p t h  a c r o s s  
t h e  s u r f  zone was d e t e r m i n e d  g r a p h i c a l l y  from f i g u r e s  1 1 -1 4 .  
The wave h e i g h t  e s t i m a t e s  i n d i c a t e d  w i t h  d o t t e d  l i n e s  i n  
f i g u r e s  18-21 were  c a l c u l a t e d  by u s i n g  McCowan’ s r a t i o ,
Y^ = 0 . 7 8 .  The wave h e i g h t  e s t i m a t e s  i n d i c a t e d  w i t h  t h e  
d a sh ed  l i n e s  were c a l c u l a t e d  u s i n g  a v a l u e  f o r  d e t e r ­
mined u s i n g  a method o u t l i n e d  i n  t h e  Shore  P r o t e c t i o n  Manual
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F ig u r e  18 . Comparison o f  Observed Wave H e ig h ts  w i t h
C a lc u la t e d  Wave H e ig h ts  V ersu s  R e l a t i v e  S u rf  Zone P o s i t i o n
f o r  F i e l d  Experim ent No. 1.
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F ig u re  19 . Comparison o f  Observed Wave H e ig h ts  W ith
C a lc u la te d  Wave H e ig h ts  V ersu s  R e l a t i v e  S u r f  Zone P o s i t i
f o r  F i e l d  Experiment' No. 2 .



















1 0 0 -
off shore
00 lX XXX
1.0 0 9  0.8 0.7 0 6  0 5  0 4  0 3  0 2  01 001.3 1.2
RELATIVE SURF ZONE POSITION. D /X
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig u r e  2 0 .  Comparison o f  O bserved Wave H e ig h ts  W ith
C a lc u la te d  Wave H e ig h ts  V ersu s  R e l a t i v e  S u r f  Zone P o s i t i o n
f o r  F i e l d  Experim ent No. 3 .
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F ig u re  2 1 .  Comparison o f  Observed Wave H e ig h ts  W ith
C a lc u la te d  Wave H e ig h ts  V ersu s  R e l a t i v e  S u rf  Zone P o s i t i
f o r  F i e l d  Experim ent Ho. 4 .
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(19 7 5 ,  p .  7 -3  t o  7 - 1 2 ) .  T h i s  method t a k e s  i n t o  a c c o u n t  
"beach s l o p e ,  w a t e r  d e p t h  and wave p e r i o d .  The v a l u e s  o f  
f o r  e a c h  f i e l d  e x p e r im e n t  were d e te r m in e d  from g r a p h s  
i n  t h e  Shore  P r o t e c t i o n  Manual (1975 ,  see  f i g u r e s  7 -2  
and 7 - 4 ) .
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IV. INTERPRETATION OP RESULTS
The f i e l d  e x p e r i m e n t s  were d e s i g n e d  t o  t e s t  t h e  
g e n e r a l i z a t i o n  t h a t  wave h e i g h t  i s  a p p r o x i m a t e ly  a c o n s t a n t  
p r o p o r t i o n  o f  t h e  mean w a t e r  d e p th  a s  a wave t r a v e l s  a c r o s s  
a s u r f  z o n e .  The d e ca y  o f  wave h e i g h t  p r e d i c t e d  u s i n g  t h i s  
a s s u m p t io n  was found  t o  d i f f e r  from t h a t  o b se rv ed  i n  t h e  
f i e l d  e x p e r i m e n t s  o f  t h i s  s t u d y  ( f i g u r e s  1 8 - 2 1 ) .  T h i s  
r e s u l t  i n d i c a t e s  t h a t  wave h e i g h t  decay  i n  t h e  s u r f  zone i s  
n o n - l i n e a r  and t h a t  t h e  i m p l i c a t i o n  o f  e q u a t i o n  10 t h a t  ho t  
tom f r i c t i o n  i s  t h e  s o l e  o r  dominant  f a c t o r  i n  t h e  wave 
h e i g h t  d e c a y  p r o c e s s  c a n n o t  he assumed.  Many f a c t o r s  a c t  
t o g e t h e r  t o  c o n t r o l  wave h e i g h t  d ecay  a c r o s s  t h e  s u r f  zone .  
The f a c t o r s  c o n s i d e r e d  i n  t h i s  s tu d y  i n c l u d e  b r e a k e r  h e i g h t  
b r e a k e r  t y p e ,  wave c e l e r i t y ,  n e a r s h o r e  b e ac h  s l o p e ,  f o r e ­
s h o r e  s l o p e ,  s u r f  zone w i d t h ,  t i d a l  e l e v a t i o n  and l o c a l  
w e a t h e r  c o n d i t i o n s .  The f a c t o r  o r  f a c t o r s  t h a t  c o n t r o l s  
t h e  r a t e  o f  d e ca y  i n  wave h e i g h t  may v e r y  w e l l  be dependen t  
upon t h e  r e l a t i v e  s u r f  zone p o s i t i o n .
The change i n  wave h e i g h t  a c r o s s  t h e  s u r f  zone 
o c c u r s  i n  t h r e e  p h a s e s ;  e a c h  phase  i s  c h a r a c t e r i z e d  by 
d i f f e r e n t  f a c t o r s  a s  c o n t r o l s  o v e r  t h e  r a t e  o f  change i n  
wave h e i g h t .  T h i s  scheme i s  b e s t  i l l u s t r a t e d  when a p p l i e d  
t o  s p i l l i n g  b r e a k e r s  ( s e e  f i g u r e s  19, 20,  2 1 ) .  The f i r s t  
p h ase  i s  c h a r a c t e r i z e d  by a r a p i d  d e ca y  i n  wave h e i g h t  
j u s t  sh o rew ard  o f  t h e  b r e a k e r  p o i n t .  Wave h e i g h t s  a t
61
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b r e a k i n g  f o r  e a c h  f i e l d  e x p e r im e n t  was assumed t o  be a p p ro x ­
i m a t e l y  e q u a l  t o  t h o s e  p r e d i c t e d  w i t h  t h e  b r e a k e r  c r i t e r i o n  
o f  McCowan and t h e  Shore P r o t e c t i o n  Manual .  The f i r s t  p hase  
o c c u r s  a t  a r e l a t i v e  s u r f  zone p o s i t i o n  up t o  abou t  0.1 
i n  f i e l d  e x p e r i m e n t s  two t h r o u g h  f o u r  and 0 .6  i n  t h e  f i r s t  
f i e l d  e x p e r i m e n t .  I t  b e g i n s  a f t e r  an  i n c i d e n t  wave a p ­
p r o a c h e s  t h e  b e a c h  and b r e a k s ,  d i s r u p t i n g  t h e  momentum o f  
t h e  wave and c a u s i n g  i t  t o  t r a n s f o r m  i n t o  a s u r f  b o r e .
T h i s  i s  a d r a m a t i c  e v e n t  r e s u l t i n g  i n  a h i g h  r a t e  o f  e n e r g y  
l o s s  due t o  t u r b u l e n c e .  At t h i s  p o i n t  a p l u n g in g  b r e a k e r  
l o s e s  more e n e r g y  t h a n  a s p i l l i n g  b r e a k e r  o f  t h e  same h e i g h t .  
The p a r t  o f  t h e  s u r f  zone i n  w hich  t h i s  f i r s t  phase  o c c u r s  
was w i d e r  w i t h  p l u n g i n g  b r e a k e r s  t h a n  w i t h  s p i l l i n g  ( f i g ­
u r e s  1 8 - 2 1 ) .  I t  i s  n o t  known how much e n e rg y  i s  l o s t  i n  
b r e a k e r  t y p e s  o f  d i f f e r e n t  h e i g h t s  d u r i n g  t h e  f i r s t  phase  
o f  wave h e i g h t  d e c a y .  The q u e s t i o n  i s  i m p o r t a n t  because  
i t s  answer  would d e t e r m i n e  t h e  amount o f  wave e n e rg y  
a v a i l a b l e  a f t e r  b r e a k i n g  f o r  t h e  s u r f  zone p r o c e s s e s  t h a t  
g o v e rn  sed im en t  t r a n s p o r t  a c r o s s  t h e  sho re  zone.
The second phase  i n  t h e  change o f  wave h e i g h t  i s  
c h a r a c t e r i z e d  by a l e s s  r a p i d ,  c o n s t a n t  o r  even i n c r e a s i n g  
wave h e i g h t  i n  a  r e g i o n  c e n t e r e d  a t  a p p r o x i m a t e ly  t h e  mid­
s u r f  p o s i t i o n  i n  a l l  f i e l d  e x p e r i m e n t s  e x c e p t  f o r  t h e  f i r s t .  
The f i r s t  e x p e r im e n t  was t h e  o n ly  one i n  which  p l u n g in g  
b r e a k e r s  were  p r e s e n t .  These  b r e a k e r s  b roke  seaward  o f  t h e  
i n n e r  b a r  and r a p i d l y  d i s s i p a t e d  t h e i r  e n e rg y  on t h e  b a r .
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The i n n e r  b a r  and t r o u g h  had t h e  e f f e c t  o f  s h i f t i n g  t h e  
second  p hase  to w ard  s h o r e .  No wave m easu rem en ts  were t a k e n  
i n  t h e  t r o u g h ,  b u t  i f  i t  i s  assumed t h a t  t h e  r a t e  o f  wave 
h e i g h t  d e c a y  i s  r e l a t i v e l y  low a c r o s s  t h e  t r o u g h ,  t h e n  t h e  
second  p h ase  would a p p r o x i m a t e l y  be c e n t e r e d  a t  a  r e l a t i v e  
s u r f  zone p o s i t i o n  o f  a p p r o x i m a t e l y  0 . 8 .
The o b se rv e d  change i n  wave h e i g h t  d u r i n g  t h e  
second  p h ase  i s  b e l i e v e d  t o  r e s u l t  from a c o n t i n u o u s  com­
p e t i t i o n  be tw een  e n e r g y  l o s s  t h r o u g h  t u r b u l e n t  d i s s i p a t i o n  
and t h e  a f f e c t s  o f  wave s h o a l i n g .  The t u r b u l e n c e  i n  t h e  
b ro ken  wave w i l l  a c t  t o  d i s s i p a t e  t h e  wave e n e r g y  and d e ­
c r e a s e  wave h e i g h t .  At t h e  same t i m e ,  wave s h o a l i n g  d e ­
c r e a s e s  wave c e l e r i t y  and wave l e n g t h  and a c t s  t o  i n c r e a s e  
wave h e i g h t .  I f  t u r b u l e n t  d i s s i p a t i o n  d o m in a te s  o v e r  wave 
s h o a l i n g ,  t h e n  a d e c r e a s e  i n  wave h e i g h t  r e s u l t s .  I f  t h e  
e f f e c t s  o f  wave s h o a l i n g  d o m in a te ,  t h e n  an  i n c r e a s e  i n  wave 
h e i g h t  o c c u r s .  The d e c r e a s e  i n  wave h e i g h t  o b se rv ed  i n  
f i e l d  e x p e r i m e n t s  one ,  two and f o u r  ( f i g u r e s  18, 19 and 21 
r e s p e c t i v e l y )  can  be e x p l a i n e d  w i t h  t h e  fo rm er  mechanism. 
The i n c r e a s e  i n  wave h e i g h t  o b se rv ed  i n  t h e  t h i r d  f i e l d  
e x p e r im e n t  can  be e x p l a i n e d  by t h e  l a t t e r  mechanism.
The t h i r d  phase  o f  wave h e i g h t  d ecay  i s  where  t h e  
r e m a in d e r  o f  t h e  wave e n e r g y  i s  f i n a l l y  d i s s i p a t e d  and 
bo t tom  f r i c t i o n  becomes t h e  dominant  f a c t o r  a s  t h e  wave 
t r a v e l s  up t h e  f o r e s h o r e  i n  t h e  form o f  swash. T h i s  phase  
began  a t  a r e l a t i v e  s u r f  zone p o s i t i o n  be tw een  0 .7  and 0 .8
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i n  f i e l d  e x p e r i m e n t s  two t h r o u g h  f o u r  and 0 .9  i n  t h e  f i r s t  
f i e l d  e x p e r i m e n t .  No wave m ea su rem en ts  were o b t a i n e d  on 
t h e  f o r e s h o r e .  The z e ro  wave h e i g h t s  shown i n  f i g u r e s  
11-14 and f i g u r e s  18-21 were  t a k e n  t o  r e p r e s e n t  t h e  u p p e r  
l i m i t  o f  swash  w h ic h  was v i s u a l l y  e s t i m a t e d  d u r i n g  t h e  
f i e l d  e x p e r i m e n t s .  I t  i s  e v i d e n t  f rom f i g u r e s  18-21 t h a t  
s p i l l i n g  b r e a k e r s ,  w h ich  d i s s i p a t e  e n e r g y  l e s s  r a p i d l y  
t h a n  p l u n g i n g  b r e a k e r s ,  c o n t a i n  more r e m a in i n g  e n e r g y  a t  
t h e  s h o r e l i n e  o f  mean w a t e r  l e v e l .  Hence,  r u n u p  h e i g h t  
( v e r t i c a l  d i s t a n c e )  a s s o c i a t e d  w i t h  s p i l l i n g  b r e a k e r s  i s  
g r e a t e r  t h a n  t h a t  o f  p l u n g i n g  b r e a k e r s .  T h i s  was t h e  case  
i n  f i e l d  e x p e r i m e n t s  one and f o u r  where  t h e  runup  f o r  t h e  
s p i l l i n g  b r e a k e r s  was a b o u t  30 cm h i g h e r  t h a n  p l u n g i n g  
b r e a k e r s .
R e s u l t s  from t h e  f i e l d  e x p e r i m e n t s ,  when g e n e r a l ­
i z e d ,  l e a d  t o  t h e  f o l l o w i n g  d e s c r i p t i o n :  A f t e r  a  wave
b r e a k s  t h e r e  i s  a r a p i d  d e c a y  i n  wave h e i g h t  due t o  t u r b u ­
l e n c e  i n d u c e d  by t h e  b r e a k i n g  p r o c e s s .  As t h e  wave o r  b o re  
p r o p a g a t e s  t o w a r d s  s h o r e ,  wave h e i g h t  r e m a in s  n e a r l y  con­
s t a n t  b e c a u s e  o f  a b a l a n c e  b e tw e e n  t u r b u l e n c e  and wave 
s h o a l i n g  a f f e c t s .  As t h e  wave o r  b o re  a p p r o a c h e s  t h e  f o r e ­
s h o r e ,  t h e  b e a c h  s l o p e  i n c r e a s e s  and bo t to m  f r i c t i o n  
becomes a  dom inant  f a c t o r .  The wave d i s s i p a t e s  r e m a in i n g  
e n e r g y  a s  i t  t r a v e l s  t o  t h e  u p p e r  l i m i t  o f  swash.
The a f f e c t  o f  r e f l e c t e d  waves on t h e  h e i g h t  o f  
sho rew ard  p r o p a g a t i n g  waves i s  n o t  known. I t  i s  c e r t a i n
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t h a t  wave r e f l e c t i o n  d o e s  have an i n f l u e n c e  on waves i n  
t h e  s u r f  z o n e .  No s i g n i f i c a n t  r e f l e c t e d  waves were o b se rv ed  
d u r i n g  t h e  f i r s t  two f i e l d  e x p e r i m e n t s .  These  were con­
d u c t e d  a t  t h e  t im e  o f  low w a t e r ;  f o r e s h o r e  s l o p e s  were 
r e l a t i v e l y  low ( f i g u r e s  1 3 - 1 4 ) .  R e f l e c t e d  waves were 
n o t e d  d u r i n g  t h e  l a s t  two f i e l d  e x p e r i m e n t s  h u t  o n ly  
i n f r e q u e n t l y .  These  e x p e r i m e n t s  were c o n d u c ted  a t  t h e  t im e  
o f  h i g h  w a t e r ;  f o r e s h o r e  s l o p e s  were  s t e e p e r .  The a f f e c t  
o f  r e f l e c t e d  waves i s  assumed t o  he m in o r  i n  t h e  f o r e g o i n g  
a n a l y s i  s .
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V. SUMMARY AND CONCLUSIONS
A c a p a c i t a n c e  w a v e s t a f f  ha s  p roved  t o  be a  u s e f u l  
t o o l  f o r  t h e  f i e l d  s t u d y  o f  b e a c h e s .  The w a v e s t a f f  sys tem 
u se d  i n  t h i s  i n v e s t i g a t i o n  i s  l i m i t e d  t o  u se  w i t h  b r e a k e r  
h e i g h t s  o f  a b o u t  one m e t e r  o r  l e s s .  T h i s  l i m i t a t i o n  i s  due 
t o  t h e  method o f  w a v e s t a f f  d e p lo y m e n t . The w a v e s t a f f s  
c o u ld  be u s e d  i n  l a r g e r  waves w i t h  a n  a l t e r n a t i v e  d e p lo y ­
ment m ethod .  F l i c k  e t  a l .  (1979) d e s c r i b e  a method i n  
w hich  a w a v e s t a f f  ( r e s i s t a n c e  t y p e )  i s  clamped t o  a  d i s c ­
sh a p ed ,  s t e e l  base  p l a t e  w h ich  i s  b u r i e d  i n  a t e m p o r a r i l y  
f l u i d i z e d  sand b e d .  T h i s  method o f  m ounting  p r o b a b l y  
c o u ld  w i t h s t a n d  waves t h r e e  t o  f o u r  m e t e r s  i n  h e i g h t .
The f r e q u e n c y  r e s p o n s e  o f  t h e  c a p a c i t i v e  w a v e s t a f f  
i s  s t r o n g l y  depen d en t  on d i a m e t e r  o f  t h e  s e n s o r  w i r e .  
S u i t a b l e  dynamic r e s p o n s e  f o r  waves o f  p e r i o d  g r e a t e r  t h a n  
two se c o n d s  can n o t  be a c h i e v e d  w i t h  s e n s o r  w i r e s  o f  d i a ­
m e t e r  g r e a t e r  t h a n  0 .35  mm. C o a t in g  m a t e r i a l  o f  t h e  w i r e ,  
such  a s  t e f l o n ,  does  n o t  have a s  much a f f e c t  on dynamic 
r e s p o n s e  a s  does  w i r e  d i a m e t e r .
The f u l l y  s e l f - c o n t a i n e d  i n s t r u m e n t  h o u s in g  was 
e a s i l y  and q u i c k l y  d e p lo y e d .  T h i s  method i s  p r e f e r r e d  
o v e r  a  method u s i n g  d a t a  and power c a b l e s  t h a t  a r e  s t r u n g  
t o  s h o r e .  The c a p a b i l i t y  o f  v i e w in g  t h e  v o l t a g e  o u t p u t s  
o f  b o t h  w a v e s t a f f s  and t h e  m e te r  coun t  on t h e  c a s s e t t e  
r e c o r d e r  t h r o u g h  t h e  p l e x i g l a s s  l i d  was h i g h l y  a d v a n ta g e o u s .
66
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The use  o f  a s t e r e o  c a s s e t t e  deck  f o r  s t o r i n g  
a n a l o g  d a t a  was s a t i s f a c t o r y  and e c o n o m ic a l .  The main 
d i s a d v a n t a g e  o f  t h i s  method was t h e  l i m i t e d  amount o f  d a t a  
s t o r a g e  s p a c e .  Two s o l u t i o n s  would he t o  u s e  l o n g e r  c a s ­
s e t t e s  o r  a d i g i t a l  c a s s e t t e  r e c o r d e r .  D a ta  cou ld  a l s o  he 
s t o r e d  u s i n g  m i c r o p r o c e s s o r s .  T h i s  l a t t e r  method would 
he t h e  h e s t  s o l u t i o n  b e c a u s e  i t  e l i m i n a t e s  m e c h a n ic a l  p a r t s  
and would u s e  low power d i g i t a l  e l e c t r o n i c s .
An o p e r a t i o n a l  d e f i n i t i o n  and m ethodo logy  f o r  
c l a s s i f y i n g  b r e a k e r  t y p e  on a n a t u r a l  b e a c h  i s  n e ed e d .
Such a c l a s s i f i c a t i o n  s h o u ld  c o n t a i n  a d d i t i o n a l  p h y s i c a l  
f a c t o r s  n o t  c o n s i d e r e d  i n  e x i s t i n g  l a b o r a t o r y  c l a s s i f i c a ­
t i o n s .  One such  f a c t o r  w hich  s h o u ld  be c o n s i d e r e d  i s  w in d .
Changes i n  b o re  h e i g h t  a c r o s s  a s u r f  zone canno t  
be a d e q u a t e l y  d e s c r i b e d  by a l i n e a r  r e l a t i o n s h i p .  W ater  
d e p t h  i s  n o t  t h e  most  s i g n i f i c a n t  f a c t o r  i n  wave h e i g h t  
d e c a y  a c r o s s  a  s u r f  zone .
Wave h e i g h t  d e ca y  i n  t h e  s u r f  zone a p p e a r s  t o  t a k e  
p l a c e  i n  t h r e e  p h a s e s .  I n  t h e  f i r s t  p h a s e ,  a r a p i d  d ecay  
i n  wave h e i g h t  o c c u r s  b e c a u s e  o f  t u r b u l e n c e  in d u c e d  by 
t h e  b r e a k i n g  p r o c e s s .  T u r b u le n c e  i s  l e s s  i m p o r t a n t  i n  t h e  
second  phase  a s  t h e  a f f e c t s  o f  wave s h o a l i n g  become more 
s i g n i f i c a n t .  Wave h e i g h t  r e m a in s  n e a r l y  c o n s t a n t  b e c a u se  
o f  t h e  b a l a n c e  be tw een  t u r b u l e n c e  and wave s h o a l i n g .  Wave 
h e i g h t  i s  d e c r e a s e d  by t u r b u l e n c e  and i n c r e a s e d  by wave 
s h o a l i n g .  The l a s t  o r  t h i r d  p hase  i n  wave h e i g h t  decay
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o c c u r s  where  f r i c t i o n a l  f o r c e s  a t  t h e  s e a  "bed become 
d o m in a n t .  Remaining  wave e n e r g y  i s  r a p i d l y  d i s s i p a t e d  a s  
a wave p r o p a g a t e s  up  t h e  b e a c h  s l o p e  a g a i n s t  t h e  f o r c e  o f  
g r a v i t y .
S p i l l i n g  b r e a k e r s  d i s s i p a t e  e n e r g y  l e s s  r a p i d l y  
t h a n  p l u n g i n g  b r e a k e r s .  More e n e r g y  i s  a v a i l a b l e  a t  t h e  
s h o r e l i n e  w i t h  s p i l l i n g  b r e a k e r s  and c o n s e q u e n t l y  ru nu p  
h e i g h t s  a r e  g r e a t e r  t h a n  f o r  p l u n g i n g  waves o f  t h e  same 
b r e a k i n g  h e i g h t .
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Cost  Breakdown For  C a p a c i t a n c e  W a v e s t a f f  System
I t  em Cost
B53F2-F1
B51F2-M1
4 @ $24 .15  
3 ® $11 .55
S p l i c i n g  k i t  
E x t e r n a l  s w i t c h  SPST 
S i l i c o n e  g r e a s e ,  Dow C o rn in g  DC4
2 8 .2 2
124 .00
2 0 . 0 0
79 .95
252 .17 1
E l e c t r o n i c s
P r i n t e d  c i r c u i t  b o a r d s  w i t h  components  (2)
F r e q u e n c y / v o l t a g e  c o n v e r t e r ,  D a t e l  Model 
VFV-10K (2 )
S ix  v o l t  l a n t e r n  b a t t e r y ;  E ve ready  Model 
1209 (8)
S t e r e o  c a s s e t t e  r e c o r d e r  R e a l i s t i c  Model 
SCT-12
S u b t o t a l
I n s t r u m e n t  H ous ing
S t e e l  c o n t a i n e r ;  50 l b s .  @ 1 3 0 / l b .
O p e n / c l o s e  mechanism 
P l e x i g l a s s  l i d  
S t e e l  bo t to m  
"0" r i n g s  (2 )
S u b t o t a l
E l e c t r o  O c e a n ic s  U n d e rw a te r  C o n n e c to r s
13 .00
4 . 0 0
d o n a te d
d o n a te d




3 2 .5 0
36.75
5 .0 5
S u b t o t a l 205 .55
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Cost Breakdown For C a p a c ita n ce  W a v e s ta f f  System ( c o n t in u e d )
I tem Cost
S e n so r  w i r e  s u p p o r t  frame
PVC p i p e ,  14" O.D. X 10 f t .  (2)  $ 8 .8 4
^ C lo s e t  r o d  .50
Wire f a s t e n e r s  d o n a te d
Aluminum "base p l a t e  (2 )  1 / 8 U X 18" X 18M d o n a te d
S u b t o t a l  $ 9 .34
M i s c e l l a n e o u s
Epoxy p a i n t  $ 5 .67
Screws and b o l t s  5 .0 0
S o l d e r  5 .0 0
P l e x i g l a s s  f o r  i n s t r u m e n t  e l e c t r o n i c s  d o n a te d
P r i n t e d  c i r c u i t  b o a rd  c o n n e c t o r s  4 .7 5
S u b t o t a l  $ 20 .42
System Grand T o t a l  $506 .48
1
Quoted p r i c e  i n  T ab le  1 was c a l c u l a t e d  a s  f o l l o w s :
E l e c t r o n i c s  $28 .22
Housing  19-00
Prame 9 .3 4
T o t a l  $56 .56  (two w a v e s t a f f s )
2Hot recommended
x
Used i n s i d e  PYC p ip e  t o  s t r e n g t h e n  t h e  s u p p o r t
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SPECIFICATIONS
PLAYBACK
ITEM UNIT NOMINAL LIMIT TEST TAPE & CONDITION
Outout Level mV 775 775^3 dB MTT-112B
S/N Ratio dB 50 45 MTT-112 B & Blank Cassette
Channel Crosstalk dB 45 40 MTT-141 Use B.P.F.
Track Crostaik dB 55 50 MTT-121 U seaP.F .
Tape So—d Deviation % ♦1.5 ♦3 /-2 MTT-111
Wow & Flutter % RMS 0.18 0 3 5 MTT-111
REW & F. F. Time She 85 100 C-60
Output Noise Level mV 2.0 5.0 Blank Cassette
Distortion (THD) % Z 0 3.0 MTT-112 B
Frequency Resoonse dB MTT-117 L
125 Hz 0 - € .♦ 6
333 kHz 0 0
10kHz 0 - € .♦ 6
Minimum Output Level mV 85 85;3dB MTT-112 B
RECORD/PLAYBACK
Output Level mV 775
550
775 ;3  dB 
550?3dB
SRL. 1 kHz MTT-502 tFel 
BASF Cr02 C-60 !Cr02)






- 7 0 0 - -6aB  
-20*0'-6dB







Channel Crosstalk dB 40 30 MTT-502. 1 kHz. SRL 
Input Open, use B.P-F.
Track Crosstalk dB 55 50 MTT-502. 1 kHz. SRL 
inout Ooen. Use B.P.F.
Erase Ratio dB 55 50 MTT-502.1 kHz. SRL 
Use b.P.F.
Record/Erase Bias Frequency kHz 85 ♦5
















MTT-502. SRL-20 0 3  (Fe> 
BASF Cr02 C-60 (0 0 2 1
Power Requirements: 120 volts. 6 0  Hz 8  watts  1220/240 volts. 5 0  8 watts  for EuroDean and Australian models)
NOTE: Nominal Soecs represent the design specs, all units should be able to  approximate  these-some will exceed 
and some may drop slightly below these specs. Limit Specs represent the absolute worst condition which still 
might be considered acceptable: in no case should a  unit perform to  less than within any Limit Spec.
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F o r t r a n  P rogram s Used For  Data  E d i t i n g  and A n a l y s i s
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PhOORAt. XLATE 
C T H I S  PPLSRA*! MAS P P 0 Y ID 2 P  BY PICK P H I L L I P S .C***•#**•#***»**•#**»•*•**••*•»*•*»»*»*•*»*•»*•»*»* ****
c
C P R aG P A f  T3 TRANSLATE GROUPED SATA INTO
C OATA IN  COLUMN FOk M I . E .  OR:. CHANNEL'S
C O R T H  0 ?  SATA IN  EACH C X U S S
C THE LAST L I S E  IK  THE DATA SET C K 7 A 1 N ?  Tl.:'
C KOMBEP OF SAMPLES PFP CHANEL
C
C
D IM Pi.SIO ' .  D A T d f ) , I ' » A 7 < i 3 )
POUPLE PR E C IS IO N  AJtAMsl/ AKA"! I-
C
►?ITr ( 5 , l C ' )
♦ l i .  f 3 P MA T ( l : i  ,5 X * L N T E =  INPUT F IL E  LAME*)
k :  A l ( L , l  ‘ 1)AXA:<21 
1 3 1  FORMAT (A 1 0 )
•, s i T f d # U 2 >
1 ' , :  FD P k A T C I-  , 5 X ' E N 7 £ P  OUTPUT F IL E  NAaE*)
R i A L ( S , I . l ) A - ; * n t 2
c
J P * N ( « » I T = 2 : , # p lL i = * N A ,C l )
? p : : s ( u m t = 2 3 , f i l e = a . . am£ . )
c
•• C H j** Si
c
z  i s  i n ?  t o t a l  •.•CMSi.r- o f  s a ^ p l - . s  i- . c . u . . . l
- -AU(22.1. E»*P=999) JJP
1 F 3 F \ A * c : » , : r )
:f(c?e'j>-.e; .shopoup) so to ;
.iACHSFhC- i.rsA-di.'XIPATdiJ.Iisl.H)
i i = r : « - ’
11=1
DO 3"  I = I i , I E
DA” ( I ) = F L 3 A T ( I u A T d l ) ) / : : 0  .
1 1 = 1 1 * 1
3.- C I S T I N '1:.
iP ? i ; i= c e* i - ) /N C * > f i  




. r m ( 2 3 , 5 ) < P A T ( i i J , : i = : 3 , 1 2 )
S F J k “ A T { 2 X , : j { F 6 . 3 , l ! * , l T > >
l S = I S f S C H A ‘l
I2=I2*NCHA*!
l :  C 0N T IN ,,r
" 3  2C 1=1,1?
D A 7 d )= D A " (N C H A N “ I P P M * I )
2 v  CONTINUE
I S = I A * 1
KC0UNT=NC3U,. -* IPK N '1
r
2 CONTINUE
0 3  T3 1JPT
c
9»> i ^ I I E t S ,  ACCOUNT, IT 1»N
4 f 0 » T A ? C l i i  ,5 X * T H 2 . ' s .  A r S ' I S *  S t* - !P E i :  s ’. j s C .  3 i ' l j *
* - I ' l i t 2 3 ,4 )1 .COUNT, 1.C1UH 
ST Ji
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C ? R 3 G r AM DETKKC.FOF
C T H I S  k J U S T I S F  TAKES A TWO COL'WN DATA r l ’_ _
J  rO U f  » I  A T l r t L ,  F I T S  A F IR S T  DEGREE FC . A ' . '
C CDKi*U?r.i A I —S T A T IS T IC  TO TE3 H P : S L O P i = . ' .  .  I  HI S I . ,
C A TWO TABLET T E S I  WHICH WAS TAF.r.L F P U '  ' C U T l S I i : .
C AXD DATA ANALYSIS IN  GEOLOGY' BY JOHN C .  l  A V I S d  J 7 3 )  . ° i : 9
C I F  KOfci C9LUKKS OF DATA EXIST IN PATA F l u i  THE:.
C J U S T  ADD A CALL S T rC  FOR LAC-* ADDITIONAL f ’L . .
C FURTHER I N F 0 EXIST IN  'A F P L i i 'D  Pfc.Cki.SS Ti .\  ► \ A L V J I . '  j v
C DRAP ER(l< *7j)  .
C
D l h E S S I O .  X ( fu D O ) ,Y C fO P > - )
DOUBLE P R E C IS IO N  ANA’-'L!
CDH>-C:. / S i l l  (oCC j )
» ? I T E
i :  r 3 - ' 'A T C 2 A , ' i . : .T £ . - ’ INPUT F I L i - A ' i ' )
r . f * r  ( = , v ) a . a * _ :
5  F 3 c yA I ( A1■>
« r i T; . ( b , i : )1. FO-NATI^ y,'.- •,!:= SIGNER CF nATi Fr.i' T ")
c
( ' ! - . IT = r  , c fLi=A*.A’!s i )
c
r ( n = : . r
«  U — *»• •  <•rj a - * /
- - A . -  ( 2 . / * )  < C ) , Y ( ; j  
i C  ) = a - - / - ; . ' .» i
C : < I ) = l . C * r L  i - T O - l ): ry?:*,xc),Hi)Mti)
1. '
c
i i  F ' l r " » I C . A , ' r  A -A -E T i . tS  F J :' r -.: o '
r
■:;l l  - i  ( x ,  . , a * , * '  )
1 4  »• 7 r  •• AT C X ,  T  A- AH?T* PS F J ~  C.i l Or ► >* ')
t ; l l  l i . :  ( v , - , ay, - . - / )
DO 70 1 = : , : .
x ( ! ) = x ( i H s « * : t i ) )
Y ( 1 ) = Y C 1 ) - ( “ Y * T ( ! ) )
7 .  COkTI
OPtNC(j N1 :  =:•! , F  IL>.= ' L E T • JVT ' )T- BE 1 = ’, :
- r l : . . U l , * ) X ( l > , Y ( l )
9 J  c j ' . : : ! « ’u
C L u S ? : ( l ' 0 7 | « 2  ->
Tt
S i  J r
A'U i 'J"T1N; LU'T ( 7 ,  i . rA O r  ’G)
C
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n iM rS S IO K  V ( 6 3 0 e >  
C j H K J K / i i /  X (60G C )cc
cc :kitialiaiv; Ljumnv?suf*x=r. 
s j h y = . .
5 X Y = 3 .0 vsxx=c.c;
S S 0 = C . 0 ‘55^ =3.!*’s«::=c. c,
S 0 ' » = k . 0 ‘
S X iO = C . C ‘c 33 10 1=1,..1
SH‘!X=SU»'X *X(I)
5".ny=SU«Y*», C l )ir
c
* 1 t  A * .= iu :» 7  = lOAT< J1 )
Y H r i : .  = S’l - Y / f L 3 A T ( < : )
r
CO lev J  = l , . * l• x^x=x(J)-x._;'
„ Y Y = Y ( J ) - V v : . A \?XY=:.xY*ux:.*rvY)
iAX=i»X*(jXX*f'XX)
2 :  ’ 
c
. U'= J X . / i * ' !
i  j s * , v ; :  -"')*x* . a .
c
t  J.'*  A* ( J \ /  *51 .V : — ! X / f  .  j*** ) 
r  1 7 C ( 3 , i  4 )  f J  i ,  r j . - . . ' y - i  .Ti-.Cif’Tr^iA,,:' • a,/)
c
c
DJ 30 I = i , : ‘I
i r  =A ;l+ - '< ;* A ( i )
y. s =y; - y>,_ a..
vdd= y( 1 ) - v:*_a :<
° i 5  = Y " -Y ( i)  
i t  ( r e s . e q . . . i ) r e s = . l e - C b  srr>=3=!>*rtS*:<iC 
S5!'=SSc *v:>,'*Yf':.
531 = S . 'l*  YDf * <i<i' r''VT=3iiAr**(n
ixso=:.xf i*x ( i )* x( i )
3 1. c n x v i ’i u .
*'5 w=3Sr'/"r r P!.=Sw'?CrS,A)
AS2=*;i-2
I3-D =SS3/A :;:
S0KT2 = 3 ' J - T * 3 l l ’" :  
C J i » = S l ' v l j / f  LUATCM ) 
3 3 X = 5 X S u - C 3 ?
i»lY=TShP/SSX Ti."‘=3qr’ (' -■ i v)
7 t  = b 'V 7 ..u :
o. K3-"Atc:x, *:-Ai.»::Ar',Fi2. j )
t * ^ r . * ,  3.3 <
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C P « 3 N G 2 . F 3 S
C H I S  PROSHA* USRSS TVANSLATSL' DATA FSO- ?-*- XLiTi.
C p c Q C n s ^ I S  ' T V 3  CHANi’E L '  FOi<.<. 2 . i £  CHA*» :EL F 3 - J '
C C«:. 2 t  HANDLED BY THE PFtONG.FOR PPOGHJu .
C
C
C THE TRANSLA^Er DATA FRO<* X L A ? - ,  I S  USi-T T 1
C CALC. ELEVATIONS J F  NAVE H T.  AND PUT T . i . 3 -  I 1: A S..E.V
C F I L L .  TH i CAIA I S  T H I S  F I L E  SHOULD FE I*) :" .-TC Ai.
C TO SHAT »AS OUTPUT BY THE S T E IP -C H A H I LJC
C T H I S  CA!- “ i  CFr CKiD BY USING T F r  2 K A V T S . fL :  i - O U T i - : .
C
J l x r a S I O N  ? O L T ( 7 C O : ) , A K A X ( 2 ) ,A > i I ! ,C 2 )
2 i v . i » s i j  * !::jmC2)/ 3 i i '<S !J (2 ) ,ak c .a l(2 ) , j :  *G(* ) ,  a: )
: : s : . h S I . * . .  V A L t i J ^ L U E V ( 2 ) / E L 7 V ( 2 )
C O P 'S . .  / S I /  H l ( 7 S : * ) / M2 ( 7 w F " )
C O P '- v :  / S 2 /  S I G 2 ( 2 ) , S 1 C 4 ( 2 )
C O W ! .  / S 2 / H  S I  . ; H I ( 2 ) / P I ' « C H ( 1 )
P3U r Lr r - ^ i C T S I J . J  A S . " ' .
c TH? v r : - ;  o f  p o i n t s  i s  d  t l a i p - j l .
*TITiIS,11)
12 f J r ,' .ATC’X , ' i “:T iH  1 “ ? J I  FILE ' iA  ' )-;.a:(C,:2)a 
1 2  r j r - A T ( A l : )
r
. . . IT j  C L,  .  - " ) 
i r e r o - •■■a:( . • ■ < , tht ..uyrr.; . . r  . a t ;
c ? • t o s r c i r ' ! i v  J 'vl ' 1 s : ; . i :
c r . t l;.«a;:-j.. t l . ts .
-•»tt: { ^ 2 3 - )
2 . '  r s -  ! A T C . X , ' :  ‘. ’ r-A • S 7 A i  'I CO‘>‘" T- . T c - - ' 3 3 ,  )- . A - ' t * . , •:
C OF 'S E T  r j ; F » A r ; T 0  ; ;  1 F.-<o • 7 . . . . ;  : r T ' ;
C C JGVLI ’•'* M Jy . j rH S  CA”  sT  C H JS l .n F j P M j  J r : r - ' .
3 ; '  r D . ' " : : t : . . , ' E \ T £ >  « s  o f f s e t  c p c i T A ’. i 15- : :  t ,  : * )
( ~ , * ) E r . j , E . > l
c
C THE F O L L l - I G S  CONSTANTS ARE C - l r^w C T I  C  ~ c j.  ~ F ' ?
C YiLLON A P .P L IF IE 3 3-OX,4 CHANNELS.
C
St-1 = 0 .  ' 3 2 7  
C!'1=C . 3 1 ^ .
Cn 3 = : . ' l  3 
i > 3 = ,' .S L - > J
C I ' l l  C 0 N E 2 A I T 3  r u «  A S K . I T .  S M s G V l )  A - . '  . - I  /
C CON' - ECTI  0N j  F Or  T J T P U 7  FOR V A P T T I S  1 '  TO.
. - l T t ( f . , 4 i ' )
4i-«. - j N * ' A T ( . / , * G » r .  U E L D ^ S l s . S l s i / ' P O I ^ E : - ? ' )■..iTEC., IT >
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• OUT
41C F O r..:A ?(2X ,'O F F 3 i:T  U S r.D ,K S l= .'J j i7 ,4 S 3 = C  . j l ’. i  '  )
C
t»0 1 *1  1 = 2 / 4
5U«-(I)=5.
3UkS0(I )=’ .
A-AX 0 = 3 .
1 : 1  roK »iN ,Tr
c Ti’t  sex; kead otkts tases t«3 ialuts s : a -i*-. ,
C ONE FF.OM EACH C3L»<K
c
0?s.n(UMX=2 ! /F iLE=AU,’'4L )
OP£N( HN I?=21/FiU.=*aVil? .U 'lT*)
C 3Pr F(' IMT=22/FiLr='VJLT.TIT')
O J 2 * 1  1 1 = 1 , .VI"®
P.'-AJ‘U 9 , * >  ( l " U . T ( I ) , l = 7 , : )
no 2: 2  J = i /2
I F ( J . i J . l )  V ? - T ( 1 »  = ( V j 1 ? (  J ) - G - 2 ) / < *  : 
1 F ( J . i C . 2 )  V.1LT(2 ) : ( V 2 _ T ( J ) - ( . £ 1 ) /  ' • . .  
I F C J . E C . l )  i u - . V C D s t V O L I C l ) - ^ . - ) / .  i 
i r c j . i C . . ; )  £ i : v ( 2 ) = ( v j L r ( : ) - ; : : ) / i :
S3HSC(J)=3U'2 7(J)«-:.t .=V(.!)* .L;  V(J)  
A'*AX(J)=A,'A*i ( A ' ! X ( J ) , T2- V( J ) )
2 -2  C J M l F ' J r
HI ( 1 1 ) = : . !  £ W ( i )
r : c : : > =  1. . v1 2 >
(2’ , » , * i.r.=99<) u l f v c j ) ,  :=:,,■>
44*. -JIr *j - —.=? ) (v ji.r(j)/ i=i/»)
Z 5 ‘.  ' J- -ATI*.-*.?)
7 " . c i.’ ; 1 •
• =\'y.'
•:a«.l „ r ; r  ( s K , s ' i " '  1,* - ; •  a - . , v ,  >  w
c_ j s . ( )£-25:111*12=4!)
c-:3-.(jmt=; )^
**17: ( w2)A'  A 1-
1 f  J r . ’.A!  ( i . < /  * ;  )
* *  I T = ( 5 , 7 )
2 F 0 KKATC1  ' A ,  ' o A V E i r A F F ' / l l X ,  " 1  ' , S X ,  ' i  ' )  
< ( K I T E ( 5 , : n .
7 FORVAIC.X,*;! i ' J I . . 7 3 ' , 4 X , l * : )
tf?m(5,A)A* EA.;<!),A-5AiC)
4 F O P w A T t i ' X , *  Hr. A * ' , i l X / H . ? , 5 7 , . -
H O I T £ ( - , 7 ) V t 4 C ) , ; ;  * 0  
7 r  J n X A t  ( 1  >A/ * NA: \ I  A . i C i  ' , 7 X * F 8 .  i , 5 X ,  *• i .  J)
► r I T E ( - ; , a ) 5 :  E K l ) , 3 n !  V(2)
9 f 0 r ‘- A ; ( l . A , * A I - - > 3 ' , i : x , F l ' . . 4 , : ’f/ F l . . - ; )
-A II  c. (-■>, * ) A •: AX (1 ) ,  A *1A X ( 4 )
1 r Jr  -AUl  X,**' tX' ,12X,F«. >,:>X,rh. 3)
rr ! ? : . ( ? , :  3 ) * V X N ( ] ) ,  A* I . i C )
12 c J P**ATCi . X,  *HI  *• * , 1  2 X , F s .  7 ,  ! " •  J )
. - i T i ( i , i i ; ) s i v ; 2 t i ) » s i C A ( x )
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l i l  K a p “ A T ( l " r , ' 2  S I C U = ' , 7 X , F o . 3 , S X , F 3 . 3 }
.r .ITCt 5 , 1 2 2 ) 3 1  G 4U )#SIG 4C 2>
1 2 2  ~ 3 BP A T ( 1 . X , ’ 4 S I G “ A = * , 7 X , F 9 . 3 , 5 X , F a . 3 )
c  IT c .C S /X X 2 )  H £ I G H I ( 1 ) ,H E I G H T  ( 2 )
C i 2  F 3 k M A T (1 ? X ,* H C H T - IK .  = * , < X , F 1 C . 4 , S X , F 1 C . 4 )
STOP 
9 9 9  CONTI'.Ui.
EAD
SUBROUTIii SIAT(.i»SUM,S0KS^,AKEA.%,VAk,SJ;.V , iL P  V) 
UIMtUSION SU:i(2),SnMSO(2),A*>TA: { 2 ) , A ‘: S u (? ) ,A A “ i ( 2 )  
D lK E A Sir .  ¥A R C 2) ,rn S » (2 ) /E L £ V C 2 )
COMMON / S I /  H K 7 0 3 9 ) , H 2 C 7 J 0 ! ' )  
r i “ t« S I O f :  X i ( ? > , X i 2 ( 2 > , 5 U M D ( 2 )
COMMON / S 2 /  S X G 2 ( 2 ) , S I C 4 ( 2 )
COMMON / S 3 / F E I C H T ( 2 ) , P I N C : ! { 2 )  
r*0 3 21  1 2 = 1 , 2
A « t . iS {  1 2 » = S ' I ’U 1 2 ) / F L 3 A U . : )
C A> 'S0(l*)=SUM SQ(I2)/Fi . 'U7(")
1  A £ i . < ( l 2 ) = S Q i < ? ( A M 5 2 ( I 2  ) )
« o:;d ( I 2 ) = : .
3 1 1 C!!.7INlu
c
?:■ 3 9 9  j ; = : , n£.2=VCi)=.ll(Ji)
CL =¥(2)=  i ? ( J l )
' ' o  <01  : 3 = i , :
£ 1 ( 1 3  )= S L £  V ( 1 3 J-AH1A . C1 3 )  
x r 2 ( i 3 ) = r . ( ; 3 ) « X ' ( i 3 )
: U?'J( ’ 3)=0U” D( 13>»X-..- (1 j  )
4 2  1 CO!.
399 rOMIA*V
1*3 S-.’ i  * 4 = 1 , 2
v A . t ( i 4 ) = s ' j ; ' r ( i 4 ) / f i . i A  r t : < » )SI!lV(T4)=3i=“C¥Ar(:i))
: i s 2 { i o = 2 . : » su tv ( i<>
S 1 G 4 ( 1 4 )  =  • • 0 * 5 P S W ( 1 4 )
a i l  r s . ‘ .=>: rrrv
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DOUBLE oREClSIJh  DATE
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*?ITE < 5 , i ? b >  
l i .6  F3RMAT(2X,*E.;TS9 FILE SU:*.FS. *)
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c
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. t i  3 r- 1=1 ,  .*
ppAi ( : . i , » , ~ ! ; ' ' - 9 ^ 7 )  y: < ’ ) , v2 c:>
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9? r'.H  ’i U ' . l  , 2 » , * . . ^ A r * , / X , I S , - A , * P  - I ’.TS*)
7; <7 1\7IVI.
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J  = A -1
<(.:>=j** x
4. c : > u w : .
• • x = j X * \ v
call  ? ll. - : ; ( , j )
CALL f L 1 T < : . , - t : . , - 3 )
CALL ?L77<'l . , . d ; , - 3 )
call  A x i s < i . , 3 . , 2 * - i r i M  c s . - . ; ) , -*  : . , i : - . >
CALL A X I '(" . '» ,P » / i J7 * A 7 r  ri7 ( r 7 ) , 1 2 , 9 « , ' * ‘ */ » ,  a • X 
CALL S Y y .-7 L (2 . : ,  - 3 , 3 - T - ,
c
CALL P L 0 : U C i ) , Y i ( i ) , 3 J
DO 2C 1 = 2 , "X
CALL P L O T (X ( I ) ,V1 ( I ) , 2 )
2.‘ CONTI V);
CALL P L O T ( X ( 1 ) , Y ? ( 1 ) , < )
07 25 J=2,0X
CoLL PLOT ( X (  J  ) , Y 2  ( J ) ,  ** )
25 c;-%:i:.ot
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C.OSr ( -J»! T=2» )
C
C
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